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PREFACE 


This book is the outcome of twenty-seven years^ experience, as a 
teacher of botany, during which fifteen years have been given to a 
graduate course on the morphology, classification and physiology of the 
fungi, and five years to a course which combined with this considera- 
tion a parallel study of the most important cultural and inoculation 
methods used by the practical bacteriologist and mycologist at the 
present day. The English and Germans have led in the production 
of text-books on mycology and pathology; Berkeley, Smith, Cooke 
and Massee in England, Frank, Sorauer, von Tubeuf and Kiister in 
Germany. Americans have been behind in this important field, 
notwithstanding, that American plants harbor some of the most 
destructive fungi, which, through our careless methods of agriculture 
and horticulture up to the present, are annually destructive to the 
extent of millions of dollars. This lack is being rapidly remedied and 
the appearance of text-books by Duggar, Stevens, Hall and Stevens, 
Mel T. Cook and general monographs by Erwin T. Smith, and others, 
augurs well for the future of this line of literary and scientific labor. 
The bacteriologists have led and mycologists should follow. 

The following pages represent in a much extended form the lectures 
nd laboratory exercises given by the author before his botanic classes 
t the University of Pennsylvania, and before public audiences else- 
fhere, especially, Farmers’ Institutes with which he has had three 
ears’ experience as a lecturer in Pennsylvania. The arrangement of 
lie text has been suggested by the needs of the classroom and from an 
cquaintance with similar work in other colleges and universities in 
imerica. It is hoped that the book and the suggestions, as to teaching 
^hich it contains, will appeal to those responsible for similar courses, 
'he keys are given with the anticipation that they will prove useful 
D the student and teacher who desire exercises in the classification of 
he fungi: The illustrations have been chosen with care, and credit is 
iven in all cases for those borrowed from other books and monographs, 
'he author hopes that the book is reasonably free from misleading 
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statements, and that it will prove useful to the teaching and student 
body. The exercises, which are given in detailed form are designed to 
acquaint the student with the methods that are used in the cultural 
investigation of the bacteria and fungi. It is also designed to introduce 
the student to the highly important subject of Technical Mycology. 

The modern demands for investigators trained in technical my- 
cology are many. The health bureaus of our large cities need men and 
women, who can make a study of the milk, water and food supplies. 
The men, who are engaged in the fermentation industries, frequently 
demand expert information on the bacterial and fungal organisms, that 
are either useful, or harmful, in the fermentation process. The bread 
baker should have someone to whom questions relative to his, one of the 
oldest, arts could be referred. The canner also needs such expert 
advice. The farmer depends upon the fertility of his soil for the growth 
of crops, and the character of that fertility determines whether his 
crop shall be a large or a small one. It is conceded on all sides at 
present that fertility is due not alone to the chemical character of the 
soil, but also to other conditions which are quite as influential, such as, 
the physical state, the bacterial and fungous flora and the presence or 
absence of toxic substances, A study of the mycologic flora of the soil 
can only be pursued satisfactorily by those who have been trained in 
cultural methods. 

Then too the study of plant diseases and animal diseases rests funda- 
mentally upon technical mycologic laboratory methods. The alarm- 
ing increase of plant diseases has attracted a larger and ever growing 
number of young men into the study of bacteriology and fungology. 
There seem to be unlimited opportunities for such carefully trained men 
and women to get profitable employment in health bureaus, manufac- 
turing plants, agricultural experiment stations, and as plant doctors 
stationed in our larger towns and cities, ready, as a medical ddetor is 
ready, to give for a monetary consideration expert advice and treatment. 
Lastly, there are chances for men and women trained in technical 
mycology to become professors, or teachers, of the subject in our col- 
leges and agricultural high schools. Such trained specialists can help 
to increase the crop-producing capacity of our farms by eliminating 
the prevalent diseases, which reduce seriously the farmers’ profits. 
Such specialists arc conservationists in the truest sense of the term. 
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MYCOLOGY 

CHAPTER I 

GENERAL STATEMENT AND aASSIFICATION 

The lower plant organisms which concern the mycologist^ or the 
student of the fungi, may be considered in a general sense, or in a 
narrow way. A general definition would include all those thallo- 
phytes, or lower cellular plants (lacking archegonia), which are 
destitute of chlorophyll and in its absence become dependent, with 
the exception of the prototrophic bacteria, upon extraneous supplies 
of organic food, either living or dead. This broad definition compels 
the mycologist to study the slime moulds, the bacteria and the true 
fungi, both as to their morphology and their physiology, He finds on 
such study, that broadly speaking, there are similarities of structure 
and function in both groups of dependent plants, in fact, he finds that 
the function of these plants is connected with cell organization and 
structure and vice versa. With this clearly in view, the mycologist 
finds that he has to deal with three distinct classes of chlorophylless 
plants, namely: 

Class Myxomycetes (slime moulds). 

Class Schizomycetes (bacteria). 

Class Eumycetes (true fungi). 

The classification of these colorless (chlorophylless) lower plants 
has been elaborated in recent years with considerable detail by varioi/s 
authors, so that the broad fundamental facts both of taxonomy and 
phylogeny are known fairly well, but much remains to be done along 
the classificatory lines, especially, since the life histories of many 
of the bacteria and fungi are incompletely known. It may be 
many years before a generally acceptable nomenclature and classifi- 
cation will be an accomplished fact. The choice of a classification by 
any worker in mycology depends largely on his training and bias and 
on his detailed study of the various groups. No two men would 
entirely agree as to which was the best sequence to adopt in a system- 
atic treatment of the different forms. The classification adopted in this 

I 
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treatise is based on that of Engler and Gilg, as published in the seventh 
illustrated edition of “Syllabus der Pflanzenfamilien,” Berlin, 1912, and 
on that of Wettstein in his “Handbuch der Systematischen Botapik/’ 
Leipzig and Vienna, 1911, Where consistent, the dassificatory sys- 
tems of these two books are harmonized and any departures which the 
student will find from the taxonomic arrangements of Engler and 
Wettstein have been made to simplify them by the omission of cer- 
tain group names, or to bring the two systems into line with the facts 
as at present known. The author has not hesitated to make changes, 
where from his experience as a teacher, he has found it best to make 
such alterations, especially where, for example, Wettstein uses Ordnung 
and Engler Reihe for the same dassificatory group, and where in 
American usage order and family are used. Then, too, the author has 
found it convenient to replace the name of a family, or order, as given 
by Engler for one used by Wettstein, or some other author, where such 
replacement is recommended by American usage, or where etymolog- 
ically the name is more suggestive of the character of the group, and, 
therefore, best for the use of students who do not expect to follow out 
the intricacies of any system of classification. As the statements and 
views of Engler and Wettstein are generally dependable and as their 
classification is founded on long experience, as systematic botanists, 
it will be found that with respect to the larger subdivisions of the 
fungi their classifications are remarkably harmonious. The attempt 
has been made in the pages that follow to simplify for student use 
the facts of dassificatory importance and while the groups are ar- 
ranged in lineal sequence, it should be explained that true relationship 
is expressed better by a family tree with main trunk, larger and smaller 
branches. It will be noted that the arrangement of the families, as 
given in the two systematic works above mentioned, are sometimes 
reversed. The simple groups are given first place, followed by the 
more complex, 

CLASS 1 . MYXOMYCETES. 

ORDER I. ACRASIALES. 

Family i. Guttulinacese, 

Family 2. Dictyosteliace®. 

ORDER II. PHYTOMYXAJ.es. 

Family i. Plasmodiophorace*. 
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ORDER m. MYXOGASTRALES. 

Suborder. Exospore^. 

Family I. Ceratiomyxacese. 

Suborder. Endospore^. 

Family 2. Physaracese. 

Family 3. Didyiriiaceae. 

Family 4. Stemonitaceae. 

FAmily 5. Brefeldiaceae. 

Family 6. Cribrariaceae. 

Family 7. Liceaceae, 

Family 8. Tubiferaceae. 

Family 9. Reticulariace*. 

Family 10. Trichiaceae. 

CLASS 11 . SCHIZOMYCETES. 

ORDER L EUBACTERIALES. 

Family i. Coccacese. 

Family 2. Bacteriacese. 

Family 3. Spiriilaceae. 

Family 4. Phycobacteriaceje (Chlamydobacteriaceae). 
Family 5. Thiobacteriacese (Beggiatoacea), 

Family 6. Actinomycelaceae (position doubtful), 

ORDER 11. MYXOBACTERIALES. 

Family i. Myxobacteriaceae. 

CLASS IIL EUMYCETES. 

Subclass. Phycomycetes. 

ORDER I. ZYGOMYCETALES. 

Family i. Mucoracese. 

Family 2. Mortierellacese. 

Family 3. Choanephoraceae, 

Family 4. Chsetocladiaceae. 

Family 5. Piptocephalidacese. 

Family 6. Entomophthorace®. 
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ORDER II. OOMYCETALES. 

Family i. Monoblepharidacea?. 
Family 2.'SaproIegmaceai. 

Family 3. Perotiosporaceae. 

Family 4. Chytridiacese. 

Family 5. Ancydistacese. 

Subclass. Mycomycetes. 

ORDER III. ASCOMYCETALES. 
Suborder A. pROTOASCiiNEiE. 
Family i. Endomycelacese. 

Family 2. Exoascacese. 

Suborder B. Saccharomycetiine^-. 
Family i. Saccharomycelaceae. 

Suborder C. Plectasciine^, 
Family i. Gymnoascaceai. 

Family 2. Aspergillaceae. 

Family 3. Elaphomycetaceac. 
Family 4. Terfeziaceae, 

Family 5. Tuberacege. 

Suborder D. Perisporiine^. 
Family i. Erysiphaceaj. 

Family 2. Perisporiaceae. 

Family 3. Micro thy riaceac. 

Suborder E. PYRENOMYCEiiiNEiE. 
Family i. Hypocreacese. 

Family 2. Dothideaceae. 

Family 3. Sordariaceae. 

Family 4. Chsctomiaceae. 

Family 5. Sphaeriaceae. 

Family 6. Valsacese. 

Family 7. Melogrammatace®. 
Family 8. Xylariaceae. 
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Suborder F. DiscoMYCEiiiNEyE. 

Family i. Hysteriaceae. 

Family 2. Phacidiace£. 

Family 3. Pyronemaces. 

Family 4. Ascobolaceee. 

Family 5. Pezizacese. 

Family 6. Helotiacea?. 

Family 7. Mollisiaceee. 

Family 8. Celidiacese. 

Family g. Patellariaceae. 

Family 10. Cenangiaceae. 

Suborder G. Helvelliine^. 

Family i. Geoglossacea^. 

Family 2. Helvellaceae. 

Family 3. Cyttariacea?. 

Family 4, Rhizinaceae. 

Suborder H, Laboulbeniine^. 

Family r, Peyritschiellaceae. 

Family 2. Laboulbeniaceae. 

Family 3. Zodiomycetaceae. 

ORDER IV. BASIDIOMYCET.ALES. 

Suborder. HemibasidijnejE. 

Family i. Ustilaginaceae. 

Family Tilletiace®. 

Suborder. Uredine^. (Usually Order Uredinales). 
Family i. Endophyllaceje. 

Family 2. Melarasporace*. 

Family 3. Pucci niacese. 

Family 4. Coleosporaceae. 

Suborder. Auricularin^e. 

Family i. Auriculariaceae. 

Family 2. Pilacrace®. 

Suborder. Tremellin;®. 

Family i. Tremellaceae. 
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Suborder. Egbasidiine^:. 

A. Hvmenomycetes. 

Family i. Dacryomycctacese. 

Family 2. Exobasidiaceae. 

Family 3. Hypochnace«e. 

Family 4. Thelephoraceje. 

Family 5. Clavariaceae. 

Family 6. Hydnaceas. 

Family 7. Polyporaceae. 

Family 8. Agaricaceac. 

B. Gasteromycetes. 

Family i. Hymenogastraceae 
Family 2. Tylostomaces. 

Family 3. Lycoperdaceae. 

Family 4. Nidulariaceae. 

Family 5. Sclerodermace®. 

Family 6. Spharobolace®. 

C. Phallomycetes, 

Family i. Clathracea. 

Family 2. Phallacese. 

Fungi Imperfecti (Deuteromycetes). 

ORDER I. SPHiEROPSIDALES, with 4 families. 

ORDER n, MELANCONIALES, with i family. 

ORDER III. HYPHOMYCETALES, with 4 families. 

The above classification has been given in outline with the object 
of presenting to students the information which is requested frequently 
of the professor in the class room. A detailed presentation of the spe- 
cial morphology, histology, embryology and taxonomy of each group 
will be given in the pages which follow, omitting matters concerning 
pathology and practice. A separate section of this treatise will be 
devoted to the consideration of fungous diseases of plants and their 
treatment. 
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SLIME MOULDS (MYXOMYCETES) 

CLASS I. MYXOMYCETES 

Considerable attention has been given in recent years to the slime 
moulds on account of their biologic interestj taxonomic relationship 
and disease-producing forms. As organisms, they have been bandied 
about. They have been claimed by zoologists and botanists alike, 
for in certain stages of their life cycle they strongly, suggest the protozoa, 
such as the amoeba. Perhaps on account of this uncertainty one would 
be justified in placing the slime moulds in the class Protista of Haeckel, 
which group was intended to include all such primitive organisms 
which naturalists have been unable to put satisfactorily either in the 
animal, or the vegetable kingdoms, but which partake of the nature of 
both the animal and the plant phylse. Hence we would have as a 
tentative arrangement 


Protista 



Protozoa Protophyta 

;here the Protista represent the primitive stock of organisms which 
lave given rise to simple animals on the one hand, or primitive plants 
n the other. 

Fries and some of his predecessors considered that the slime moulds 
?ere puffballs (Gasteromycetes) and the expression of this view is 
uggested in the name Myxogastres given them by Fries in 1833, 
Vallroth in 1836 viewing them as related to the fungi termed them 
dYxonYCETEs. De Bary, the German botanist, in 1858, impressed 
y their doser relationship with the animal world, called them Myce- 
OZOA. Zopf in 1885 describes them as Die Pilztkiere and Rostafinski, 
pupil of De Bary, working under his supervision in an elaboration 
f a monograph of these organisms, calls them MyCetozoa. We, there- 
ore, are limited by strict priority, to adopt the name Myxogastres 
or them; but there are valid reasons why the name Myxomycetes 
7 
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should be used. One of the strongest arguments is that if we consider 
them as plants they belong to the phylum of the fungi and hence this 
name Myxomycetes aligns itself with Schizomycetes and Eumycetes 
generally adopted for the other groups of fungi. It conduces to clarity 
and simplification of classification to adopt the name of Wallroth for 
the class of organisms incapable of an independent existence, being 
destitute of chlorophyll and mainly saprophytic. The older name is 
retained, however, as the name of the third order of Myxomycetes, 
hence there should be little criticism of the view taken above. The 
Myxomycetes (Mycetozoa, Schleimpilze, Pilzticre, Slime Moulds) are 
chlorophylless organisms. Their vegetative condition is known as a 
plasmodium which is a naked streaming mass of protoplasm. Repro- 
duction is by means of spores produced as exospores, or endospores, 
the latter in sporangia, aethalia, or plasmodio carps. The spores give 
rise to amoeboid cells or flagellate swarmers which unite later to form 
the plasmodium, or develop directly into the plasmodium. 

ORDER I. ACRASIALES. — The members of this order live on 
the excrements of animals and on the decaying parts of plants. They 
commence their development with the escape of an amoeboid body 
from the walls of the spore and then move about by creeping move- 
ments, never assuming cilia for locomotion. The amoeboid cells pile 
up on one another without coalescing to form what has been called an 
aggregate plasmodium, and they remain distinct, and artificially sepa- 
rable, though closely packed together until the fructification forms, 
when they rise above the substratum and form bodies of definite 
shape. Every one, or the majority of these, definitely arranged amoe- 
boid bodies, becomes a spore covered by a delicate membrane and of an 
average size of 5 to lo /i. These heaps of spores resemble the sporangia 
of the true slime moulds, but there is no distinct sporangial wall, 
the spores being held together by a structureless enveloping substance. 
The plants of this group are saprophytes. GuUulina rosea lives on 
decaying wood in Europe. Diciyosielium mucor aides is frequent on 
old dung, while Acrasis granulaUi is found on old yeast cakes. Poly- 
sphondyUum violaceum occurs in southern Europe on manure. 

ORDER II. PHYTOMYXALES.— The slime moulds of this ordei 
are parasites which live in the cells of higher plants. The plasmodiurr 
is limited by the cell walls of the. host plants, and has its origin ir 
amoeboid cells which enter and infest the host cells, resulting in 3 
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stimulation of the host to form gall-like swellings. The whole plas- 
modium is later transformed by division into a greater or less number 
of parts, which become surrounded by piembranes to form spores. 
The spores are free in the cells of Flasmodiophora^ while in Sorospkara 
and in Tetramyxa they are clumped, and surrounded by a delicate 
membrane. The order includes a single family: 

Family i. PLASMODioPHORACEiE.— The characters of this family are 
coincident with those of the class as given above. The family includes 
four genera distinguished as follows: 

A. Spores distinct from each other, irregularly aggregated and filling 

the host cells. 

(а) Spores regular in shape, spheric, (i) Plasmodiophora, 

(б) Spores irregularly shaped, rod-like, or angular. (2) Phytomyxa. 

B, Spores united into clumps inclosed by a delicate membrane. 

(a) Spores united in groups of four each. (3) Tetramyxa. 

{h) Spores in greater number, united into hollow spheres. (4) 
Sorospk(sra. 

The genus Plasmodiophora comprises possibly three species found 
in Europe and America. They are parasites in the parenchyma cells 
of the cortex of the roots of the higher plants, where they produce 
gall-like swellings. The plasmodium fills some of the living cells of 
the host. The spores formed subsequently are spheric and lie free 
within the host cells. The best known species is P. hrassica which 
is the cause of a serious disease known as club foot, or finger and toes 
(Fig. i). The symptoms of the disease, the relationship of host and 
parasite, wiU be described in a subsequent section of this book. Two 
other species have been described, viz., P. alni in the roots of tfie alder; 
and P. deagni in the roots of Eleagnus, the silverberry. Considerable 
more study will have to be made of the organisms in the roots of the 
alder and silverberry before we can definitely place the causal organ- 
isms. Tentatively, we may adopt the generally accepted view of the 
systematic relationship of the two responsible organisms until later 
investigation either proves or disproves the nature of the parasites 
attacking Alnus and Eleagnus. 

The genus Phytomyxa is represented by two species which live as 
parasites in the roots of living plants and cause tuber-like enlargements. 
The plasmodia fills the host cells, and later, the irregularly shaped 
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Fic. I. — Club-root of cabbage, Plasmodiophcra brassicce. i. Tturnip with club- 
root; 2, section' of cabbage root with parenchyma cells filled with slime mould; 3. 
isolated parenchyma cell, (k) vacuole, (0 oil-di;ops in plasmodium, (p) plasmodium; 
4, lower cell with plasmodium, upper cell with spores developing; 5, parenchyma 
cell with ripe spores; 6, isolated ripe spores; 7, genninating spores; 8, myxamoeba, 
(figs. cfler'Woronin inSoraucr. Handbuch der Pfianzenkrankhdten, r886,' p, 72.} 
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Spores fill the infested host cells. Two species have been described. 
The nature of Ph. leguminosarum is doubtful^ as it may have been 
confused with one of the stages of the nodule-producing bacteria, 
which are- found in the roots of leguminous plants. 

The parasitic slime mould, Tetramyxa, occurs as one described 
species Tetramyxa parasitica^ which lives in the stems and flower stalks 
of water plants, as Ruppia rostellata, where it causes tubercles 0.5 to 
I mm. in diameter. Each host cell contains numerous colorless spores 
united into tetrads. 

Sorosphesra is represented in Germany by S. veronicce found in the 
stems and petioles of Veronica kederifolia, V. triphylla and V, chamcc- 
drys. The cells of the galls are swollen and filled with numerous 
spheric or ellipsoidal brown balls, 15 to 22 p in diameter, formed of a 
single layer of spores united into a hollow sphere and covered externally 
by their pellicle. 

ORDER III. MYXOGASTRALES.— This order includes the true 
slime moulds which are non-parasitic, but live on decaying organic 
material, such as old logs, leaf mould in the forest, compost heaps, 
spent tan bark and other organic debris in the fields, woods, and 
along the roadsides. One form grows over the grass of lawns and 
smothers the grass with its plasmodium and later by its sporangia and 
spores. The plasmodium is a naked mass of protoplasm usually of a 
reticulate structure and^multinudcate. It arises by the union of the 
myxamceba which are developed from the flagellate myxomonads by 
the loss of the vibratile flagella. Such a plasmodium is known as a 
fusion plasmodium.^ It usually assumes a reticulate, or net-like, 
structure and currents of protoplasm are seen flowing along the strands 
of greater or less thickness of which the plasmodium is composed. The 
pentral portion of each current is denser and moves more rapidly than 

f he marginal clearer protoplasm. Perhaps we are justified in stating 
hat the outer protoplasm is the ectoplasm and the inner granular 
cytoplasm containing food substances and other included substances 

1 5 the endoplasm. For some time the plasmodium may flow in a given 
lirection and later it may reverse its course, moving in an entirely 
ipposite direction. The color of the plasmodium differs in different 
pecies, as the following table will show. White or yellow seem to be 
he more usual colors. 

1 In Labyrinlhuk Cienkowsku parasitic in Vauchcria the plasmodium is filamen- 
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Yellow. Fuligo septica. 

Ffichta scdhfd- 

\Yhite Pkysarim eUipsoideum . 

Lead-coiored Cribraria argillacea. 

Enteridium splendens. 

Ruby-red Rcmiirichia vespanm. 

Red Tubifera ferrugtnea. 

Scarlet Cribraria purpurea. 

Brown Tubifera Casparyi. 

Violet Cribraria violacca. 


The movement of the plasmodium is associated with the incorpora- 
tion of food. The yellow plasmodium of Badkamia utricularis has 
been most carefully studied in its relation to a food supply. It can be 
cultivated on such woody fungi as Stereum hirsutum, over which it 
extends, devouring by enzyme action the more delicate hyphae. 
Thus nourished, it will spread over the moist filter paper inside of the 
covering bell jar until I have seen the plasmodium hanging down 
like stalactites from the inner top of the bell jar. Such a captive 
plasmodium has been fed by the writer pieces of mushroom 
A^aricus campestris. Shaggymane, Coprinus comatus and beefsteak 
have been placed on the surface of the protoplasm and in a few hours 
these substances have been found in advanced stages of digestion. 
Cheese is reluctantly invaded and is more refractory. The plas- 
modium is responsive to changes in the moisture surroundings. It 
moves toward a more abundant water supply. It is hydrotropic. 
It moves against a current of water and is, therefore, rheotropic. 
When highly illuminated, the plasmodium moves away from the 
lighted surface. It is negatively heliotropic. If there is a sudden 
change in the watery environment, the plasmodium will become 
massed into a cake-like lump in which form it remains as a sclerotium, 
macrocyst, or phlebomorph, if the substratum loses its water supply. 
In the sclerotiai condition, the writer has kept a plasmodium for 
nine months on a plate of glass placed inside of a laboratory case 
in an absolutely dry condition. It was started into activity at the 
end of this period of rest on restoring free water to it again, and 
by feeding it mushrooms, it was kept in its restored activity for 
several weeks beneath a bell jar. The plasmodial stage may be pro- 
longed for an indefinite period, if the environmental conditions of 
temperature, fight, moisture and food, arc favorable. The writer ha^ 
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kept a plasmodium in a streaming condition for over a month be- 
neath a bell jar. Physarum psiUacinum, which inhabits the rotten 
stumps of old trees, appears to pass a year as a plasmodium. 

The early stages in the formation of the sporangium have been de- 
scribed in Comatricha obtusata. When the fruiting period is readied, 
the watery-white plasmodium issues from the wood crannies and spreads 
over an area perhaps half an inch across. The plasmodium is seen to 
concentrate in thirty or forty centers and in an hour or two each 
center has by rhythmic pulsation of the protoplasm risen into a pear- 
shaped body with a slender base and an enlarged upper portion. The 
black hair-like stalk has grown to its full length in six hours and on 
its summit is borne the young sporangium, which is a white viscid 
globule of protoplasm. A pink flush now begins to appear in the 
sporangium. The included nuclei are like those of the plasmodium 
at first, but later as spore formation proceeds they divide mitotically. 
The sporangia of the different slime moulds take various forms which 
will be described in general in the systematic generic keys which 
follow. They may be either symmetric or irregular in shape, sessile or 
stalked. The irregular sessile forms, which simulate the net-like 
appearance of the streaming protoplasm, are called plasmodiocarps. 
When the fruit body is flat and cakc-like with separating walls imper- 
fectly developed it forms an ethalium. The protoplasm which is 
left on the substratum and dries down as a film-like residuum is known 
as the hypothallus (Figs. 2 and 3). 

The changes which take place in the formation of spores and 
capillitium have been minutely studied in a number of slime moulds. 
Wc owe much to R. A. Harper, E. W. Olive and B. 0 . Dodge in America 
and to E. Jahn in Germany for our knowledge of these processes. The 
process in Didymium melanospermum, according to Harper,^ is as 
follows: The spore plasm condenses so that it is finely granular in the 
peripheral region and central region near, the columella and foamy 
vacuolar in the middle zone. The capillitium is already formed before 
the condensation of the protoplasm has been accomplished. It con- 
sists of smooth threads which pass radially outward from the central 
dome-shaped columellar cavity to the sporangial wall. The threads 
of the capillitium are attached at their ends. The protoplasm is in 
contact with these threads and at this stage the nuclei are scattered 

^ Harper, R. A.: Amer. Journ. Bot., i: 1 27-144, March, 1914. 
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rather uniformly through the spore plasm and are of unequal sIm. 
Vacuoles are formed in a still further condensation of the sporangial 
protoplasm and each of these apparent vacuoles is pierced by a capilli- 
tial thread which runs through its central axis. Droplets of water are 
formed along the capillitial thread as a still further evidence of water 
extrusion. Cleavage planes now appear at the periphery of the mass 
of sporangial protoplasm and progress inwardly toward the center. 
The process of cleavage parallels the extrusion of water and the for- 
mation of the blocks of protoplasm by these cleavage lines is assisted 



Fig, 2. — A, B, Comatricha nigra. A, Sporangium, natural sue; capiilitium. 
2 p/l; C, E, Siemonitii fusca; C, sporangium, natural si2e; D and E, capiUitia, 5/1, 
2 o / t ; F, H, Enerlkema papiUaium, F, unripe; G, mature sporangium, 10/ 1; H, capil- 
Litium, 20/ 1. (C, D, after nature. A, F, G, H, after Rosiafinski; B, E, after de Bary 

in Die naOirlichen Pfianzenfamilien I. r, p. 26.) 

by the presence of the vacuoles. The splitting up of the irregular blocks 
of protoplasm, which have the nuclei irregularly distributed through 
them, proceeds until the protoplasmic blocks arebinucleated^and before 
this the nuclei are seen in various stages of division which proceeds 
irregularly in Didyntiwn^ while in Fuligo the division of the nuclei is 
simultaneous in a particular spore sack. The plasma membranes of 
the capillitial openings are the source of cleavage furrows to even a 
greater degree than the original surface plasma membrane of the spore 
sack as a whole. In Fuligo in the final stages of spore formation the 
spore plasm is condensed about the nuclei, but in Didymium^ the ultimate 
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result of the progressive cleavage in f urrowin ^ is the formation of uninu- 
cleated rounded spores. They lie packed between the capillitial 
threads. 

Most genera of slime moulds have a capUlUium (Figs. 2 and 3) 
consisting of a system of threads, and as we have seen, it appears be- 
fore the spores are formed. When the capillitium extends from the 
base of the sporangium, it is associated with a columella (Fig. 2). It 
differs widely in the different genera of the groups. In some genera, as 
Trichia and Arcyria, the capillitium consists of free threads, or elaters. 
In those genera in which calcium carbonate is present in the sporangia, 
it is found in the capillitium usually when several threads meet forming 
then the so-called lime knots. In Dictydium, purplish-red granules 
are imbedded in the threads of the false capillitium and are known 
as dictydin granules. The formation of the capillitium in certain 
myxomycetes has been investigated by Harper and Dodge. ^ They 
6nd that the capillitium is formed by the deposit of materials in the 
vacuoles from which the capillitial thread is formed and that radiating 
threads run out from the larger granules which are deposited by the 
process of intraprotoplasmic secretion. These radiating fibrils sug- 
gest rather strongly that they are cytoplasmic streams which are 
bringing materials for the formation of the capillitial wall and its thick- 
enings which are laid down sometimes as spirals, suggesting that the 
process is comparable to the ordinary processes of cell- wall formation, 
but along internal plasma membranes, rather than external. The 
relation of the fibrils to the capillitial granules is best seen where- a 
capillitial vacuole runs longitudinally. Strasburger's earlier observa- 
tions are confirmed by the recent work on capillitial formation, when 
he described the capillitium of Trichia fallax as originating in vacuolar 
spaces in the cytoplasm which elongate and take on the tubular form 
of young capillitial threads, while the formation of the wall and spiral 
thickenings are due to the deposition of granules as intraprotoplasmic 
secretions consisting of microsomes of the meVnbranogenous type. 
Where the capillitial threads are solid they may be called stereone- 
mata; where hollow, coelonemata. 

The spores are discharged from the sporangia, and if they find a 
suitable medium in which to grow, such as free water, they give rise to 
swarm cells, as amoeboid bodies, or myxamoebse. These soon acquire a 

^ Annals of Botany, xxviii: 1-18, January, 1914. 
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flagellum at the anterior end and creep in a linear form with the flagellum 
extended in advance^ or swim about in the water with a dancing move- 
ment occasioned by the lashing of the flagellum. They have a single 
nucleus and a contractile vacuole. To a large extent they feed on 
bacteria which are swallowed by pseudopodia which project from the 
posterior end of the cell. The swarm cells increase rapidly by biparti- 
tion. When this takes place, the flagellum is first withdrawn and the 
main cell assumes a globular form; it then elongates and a constriction 
occurs at right angles to the long axis. The nucleus divides by karyo- 
kinesis and in the course of a few minutes the halves of the nuclear 
plate separate and retreat to the opposite ends of the constricted cell 
which now divides into two, each new celh acquiring a flagellum. 
Sometimes the swarm cells become encysted to form the so-called 
microcysts, or zoocysts. 

The spores of Ceratiomyxa, which are borne on the outside of 
column-like sporophores, are white in color. The surface of the 
sporophore is divided into lozenge-shaped areas each with a projecting 
stalk bearing a single spore. The nucleus of these spores, according 
to Jahn, twice divide by karyokinesis, and finally, when the spore 
germinates, eight amceboid bodies arc liberated, each of which develops 
a flagellum and the cluster swims away by the lashing of the flagella. 
Finally, these cells separate. All other myxomycetes have spores 
which in germination produce only one myxamoeba. 

Spores of ReMcularia which had been dry for eight months germi- 
nated in thirty-five minutes at a temperature of 21°. Spores exposed 
to a temperature of 37° for only five minutes germinated in eleven 
minutes. The spores of Stemonitis Jiaccida germinated in one hour, 
those of Amaurochcete in two and one-half hours, those of Didymium in 
four to five hours, while it took the spores of Stemonitis ferruginea in 
wood decoction three to five days to germinate. 

Some remarkable discoveries have been made with regard to an 
alternation of generations in the slime moulds connected with a so- 
called sexual act. Jahn, Kranzlin and Olive have worked upon this 
problem. The generation in all the Myxomycetes, including Ceratio- 
myxa, with the double chromosome number (8) (diploid condition) in 
the nuclei is of short duration. The nuclei of the swarm bodies, amoe- 
boid bodies and the plasmodium have the single number (4) of chromo- 
somes. Union of the nuclei to form fusion nuclei with double 
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the number (8) of chromosomes immediately precedes the formation 
of the sporangia. The reduction division, which results in the forma- 
tion of spores, is preceded by synapsis, diakinesis and heterotypic 
nuclear division. Small nuclei and large nuclei are seen. The large 
nuclei are probably fusion nuclei. The small nuclei probably 
disintegrate. 

To the order Mykouasthales belong the majority of the Myxo- 
mycetes (Figs. 2 and 3). Many are found on decaying wood as Die- 
tydium cernuum with black spore contents, Arcyria nufans and A. 



Fig, 3 .— Leocarpus fragilis. A, Sporangium, '[natural size; capillitium 
200/1; C, Cratcriicm kucocephalum sporangia, 6/1; D, Physarum sinuosum spor- 
xngium, 6/1; E, E, Tilmadoche mulabilis; E, sporangia, 20/1; F, capilUtium, 200/1. 
(- 1 , C, I), after naliiref B, E, F, after Rostafinski in Die rtatiirlUhen Pflanzenfamilien 
L 1. p. 32.) 

Hmicea have net-like capillitia, the former with yellow, the latter 
^vith a red one. Lycogola epideiidrum has a cinnabar-red plasmodium 
ind a brownish-gray aethalium. Trichia varia^ T. ckrysospertnay He- 
niarcyria clamta have yellow sporangia and golden-yellow spirally 
sculptured elaters, Reticidaria lycoperdon has a large brown cake-like 
cthalium. The yellow plasmodium of Fuligo sepiica sometimes covers 
pent tan bark and is known as “flowers of tan. ” It is*one of the most 
generally distributed of slime moulds and the writer has found its 
ethalia on the bark of street trees and even on the bricks of the street 
'avements, as yellow-brown, cake-like fructifications crumbling readily 
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into a powder. The plasmodium of a species of Chondrioderma lives at 
the edge of melting snow fields, or even on the snow itself. The organ- 
ism of malaria frequently called Plasmodium malarim is not a slime 
mould, but rightly belongs to the group of Hamosporidics, a division 
of the Protozoa. 

The slime moulds are cosmopolitan. Many of the same forms hpe 
been found in North and South America, the West Indies, Europe, 
Cape of Good Hope, Australia, New Zealand and Japan. The writer 
has used a manual of the Myxomycetes of Buitenzorg, Java, in the 
identification of species found near Philadelphia. About 214 species are 
represented in the British Museum collection. 

Laboratory Exercise. — The writer has found in his experience as a 
teacher that time may be profitably spent by a class in mycology in the 
identification of the common slime moulds. The sporangia, sethalia 
and plasmodiocarps of the different kinds can be kept separately in 
different small pasteboard boxes and material out of these boxes can 
be distributed to the members of the class. The dried material is first 
treated with 70 per cent, alcohol to remove the air, and then the treated 
material is mounted for permanent preservation in glycerine jelly. 
The absorption of water by the glycerine jelly is prevented by a ring 
of asphalt. The “Guide to tho British Mycetozoa exhibited in the 
Department of Botany, British Museum Natural History," ist 
Edition, 1895, ^d Edition, 1905, 3d Edition, 1909, has been used in 
classes at the University of Pennsylvania with much success. After 
the generic name has been determined, Lister’s ^'British Mycetozoa^’ 
or MacBride’s ‘^North American Slime Moulds" can be used to find 
the name of the species. 
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CHAPTER HI 


THE BACTERIA IN GENERAL 
CLASS II. SCHIZOMYCETES 

The name Schizomycetes comes from two Greek roots ((rxifw, 
I split -f nvKp, a fungus) which combined are equivalent to the term 
splitting fungi, or fission fungi in allusion to the manner in which the 
bacterial cells divide. The Germans call them Spaltpilze, which is 
the German way of expressing the same thing. The name bacteria 
is in American science used in a general sense to include all of the 
Schizomycetes without reference in particular to the genus Bacterium. 
In popular use, such as newspaper articles, these lowly plants are 
described as germs, microbes, or microorganisms. I'hese English 
synonyms are, however, inexact, having different shades of meaning 
and are used in different ways in common speech, as consultation with 
any large dictionary of our language will show. There is no ambiguity, 
if we speak of all the Schizomycetes as bacteria, or bacterial organisms. 
These plants are generally unicellular, or the single cells are united 
into a coenobium. These cccnobia are filamentous, sheet-like, or in 
groups, seldom arranged in fructification-likc masses of definite form, 
as is the case with the Myxobackria. All cells of the c(Enobium are 
alike and only in the highest developed forms do we find a differentiation 
into basal cells and filament cells. The heterocyst, found in the bluer 
green algae, is totally absent. The cells of bacteria arc the smallest 
of plant cells; for example: Micrococcus progrediens has a diameter 
of 0.15/i and Spirillum parvum has a thickness of o.r to 0.3^11, but yet 
smaller are the ultramicroscopic organisms, which have come into 
prominence recently as the cause of certain diseases. The smallest 
bacteria stand at the borderline of what is with the best lenses and 
optimum illumination the practical limit of microscopic vision. On 
the other hand, with the application of the ultraviolet light of short 
wave length in microphotography, it has been possible to obtain an 
image of small objects whose enlargement has been 4000-fold. It 
has been possible with the ultramicroscope of Siedentopf and Zsig- 
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mondy to demonstrate small particles whose size is only many million 
times that of a millimeter. The accompanying figure (Fig. 4) adopted 
from Fuhrrnann^ represents the relative size of the spheric bacteria 
and the rod-shaped organisms, while the breadth of the largest known 
bacterial cell, that of Beggiatoa mirabilis, which approaches that of a 
human hair in thickness, is represented in the larger area where the 
width of the cell is twice its length. 



Fig. 4.- Diagram representing the relative sizes of spheric and rod-shaped bacteria 
(After Fuhrmann.) 
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6. Bacillus injluenzce 
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7. Methane bacillus 
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8. Urobacillus Duclauxii 
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\ 9. Bacillus nitri 

3 to 8 

2 to 3 


10, Beggiatoa alba 

2.9 to 5.8 

2.8 to 2 .9 


II- Chromatium Okeni 

10 to 15 

S'O 


12. Beggialoa mirabilis 

10 to 20 

1 . 5 to 2.0 

The cells exhibit a definite cell wall which differs from 

that of the 


higher plants in not containing cellulose. The chemical character of 
the cell membrane indicate its close relationship to the living proto- 
plasm of the cell. Chitin has been found in the cell wall of some 
bacteria. ^ Frequently the cell membrane undergoes a mucilaginous 
modification, so that the filamentous forms are surrounded by a sheath 
^ Fuhrmann, F.: Vorlesungen iiber Technische Mykologie, Fig. 7, page 17. 
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and the numerous, individual forms are united into slimy, skin-like 
or lumpy masses known as zooglma. 

The interior of the cell shows no differentiation into nucleus and 
cytoplasm, but the nuclein in certjun forms seems to be scattered in 
the plasma (Fig. 5). Considerable diversity of opinion exists as to the 
nature of the cell substance of bacteria. The uniform staining of the 
cell by ordinary methods suggests that the cell substance is all cyto- 
plasm without nucleus. An opposite opinion is that the cell substance 
is composed almost entirely of nuclear matter (chromatin) with perhaps 
a thin layer of ectoplasm. Another view is that 
of Zettnow (Zcitschr. f. Hyg., 1899: j8), who regards 
the cell body of bacteria as composed largely or 
almost wholly of chromatin mingled with varying 
amounts of cytoplasm. This, however, can be said, 
that it is fairly certain that bacteria contain both 
chromatin and cytoplasm which vary in amount and 
position in different cells (Fig. 5). The cell mem- 
brane is mostly colorless; seldom does it appear 
greenish or rose-red, as in the purple bacteria. 

When colonies of bacteria are colored, the coloring 
matter is an excretion product. 

Locomotion, — The movement of many bacteria is 
a true movement from place to place, not merely a 
Brownian movement. It is accomplished in nearly 
all cases by the presence of cilia, or flagella, which 
by some are considered to arise directly from the 
cell membrane, by other investigators to arise from the ectoplasm 
within; its origin in some way associated with a blepharoplast. Which- 
ever view is the corrkt one, the motile filaments can in some large 
spirilla be seen in the living unstained organism, but generally it re- 
quires special methods of treatment and staining to make them out. 
Great differences exist as to their distribution. Some forms, as the 
cholera bacillus, have a single flagellum at one pole {monotrichous ) ; 
others, as many spirilla, have a flagellum at each pole (amphiirickous ) ; 
others, as certain large spirilla, have a tuft at one pole {lophotrichousj; 
while others have cilia covering the whole cell, as the typhoid organism 
{peritrichous) . Many organisms are without cilia, or flagella {atrichous) , 
and hence are non-motile. 



Frc. 5. —I, Chro- 
matiu-m okenii. 2, 
Be ^giatoa alba. 
Bacteria with a cen- 
tral body containing 
chromatin grains 
which are considered 
by Biitschli as the 
equivalent of a 
nucleus. (From 
Marshall, Microbiol- 
ogy, Second Edition, 
p. 91, After 
Biitschli.} 
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Cell Division and Reproduction.— with other plant cells in general 
it may be said that growth is not conditioned on cell division. Growth 
is the enlargement of the cell, not merely a swollen, condition, and this 
increase in size is within definite limits for each species, which can be 
determined by statistic study. As long as division is not preceded 
by nuclear division, the term fission is applicable. Certain students 
of the group claim that there is a division of the nuclear substance 
(Fig. 6), and Fuhrmann actually figures division of the nuclear mate- 
rial in such forms as Bacillus nitri, 
Micrococcus butyricus, Spirillum 
wlutans and the potato bacillus. 
Possibly then division of the 
nuclear substance precedes that 
of cell division, and if that phenom- 
enon is found general, the term 
fission is no longer applicable. 

5 4 

Fig. 6. 

Fig, 6. Bacterium gammari. a, ft, r, Celts with typical nucleus nf nucleoplasm, 
surrounded by a nuclear membrane and by one or two karyosumes also showinji 
karyokinesis; d, a filamentous bacterium from intestine of an annelid worm, Bryo- 
drila^i cklorii, each cell with a nucleus. (From Marshall, Microbiology, Second Edi- 
tion. p. 8g, after Vejdoivsky.) 

Fig. 7. Cells of Bacillus megatherium, i, Polar granules as nuclei; 2, increas-x 
in size of nucleus at time of sporulation; 3, same; 4, change in size of nucleus which 
is surrounded by a membrane and becomes a spore. (From Mar.'^hali, Microbwlogy. 
Second edition, p. 90, after Penau) 

Cell division may take place quite rapidly under favorable conditions. 
Bacillus subtilis divides in thirty minutes; Vibrio cholera^ every twentv 
minutes. The young cells attain full size in a short space of time. 
Bacteriologists have estimated, that if bacterial multiplication was 
unchecked and the division of each cell was accomplished inside of an 
hour that in two days the descendants of a single cell would number 
281,500,000,000, and that in three days the offspring of a single cell 
would weigh 148,356 hundredweights. Lack of food, accumulation of 
bacterial products injurious to the organisms that formed them explain 
why their rapid multiplication is kept in check. 
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The spores formed by the bacteria are of two kinds, arthrospores 
and endospores. Arthrospores are whole vegetative cells which l>y a 
thickening of their walls become resting spores. Some bacteriologists 
would not include arthrospores as true spores. The true spores are 
formed in the cells and differ from the cells in resisting greater heat 
and by other definite structural and physiologic qualities. (Fig. 7.) 
The shape of the ceil may be altered with the formation of one or two 
spores within (endospores). In the hay bacillus, the spore occupies the 
center of the cell and is smaller than the original mother cell, hence the 
shape of the parent cell is not altered. Bacterium panis and Bacillus 
amylobacter become swollen in the middle when the spore forms so that 
the mother cell becomes spindle-shaped. The bacillus of lockjaw de- 
velops a spore at one end of the cell, which becomes drumstick-shaped, 
hence the German name troramelschlagel for such forms and the generic 
name Plectridium now given to cells that produce terminal spores. 

Bacillus amylobacter may develop one terminal spore, or two spores, 
one at each end of the cell, so that the mother cell becomes dumbbell- 
shaped. Bacillus inflatus may develop two spores also. 

Spores may germinate at the poleS, as in Bacillus Butschli and B. 
amylobacter; at the equator, as in Bacillus subtilis and B. loxosporus, or 
obliquely, as in Bacillus loxosus. In germination resting spores absorb 
water, and become more or less swollen, when the spore membrane 
is dissolved and the germ tube protrudes. 

The classification of bacteria according to their special activities, 
or the products formed by these activities, is useful in presenting 
another phase of the subject to the mycologic student. The fact is 
noteworthy that we can group the various organisms into the photo- 
genic (light-producing), chromogenic (color-producing), thiogenic 
(sulphur-producing), zymogenic (ferment-producing), pathogenic (dis- 
ease-producing), saprogenic (decay-producing) and thermogenic (heat- 
producing) without reference to their morphology, or genetic rela- 
tionship. It is useful to be able to discuss the light, heat, color, etc., 
produced by these organisms as distinct phenomena worthy of experi- 
mental treatment. 

Photogenic Bacteria. — The phosphorescence associated with decaying 
haddocks, mackerel and other sea fishes, the faint glow seen on badly 
preserved meats (beef, mutton, veal) and sausages are produced by 
photogenic bacteria. Most success is obtained by using sea fishes in 
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experimenting with the phosphorescent bacteria, for th^e organisms 
require in their culture media from 2 to 3 per cent, of sodium chloride, 
besides the usual salts and peptone, the medium should contain some 
other source of carbon, such as sugar, glycerine, etc. The number of 
known photogenic bacteria is considerable. Migula names twenty- 
five species and Molisch twenty-six. A few need only be mentioned 
here, viz.: Baderitm phosphor escens Fischer; Bacillus photogenus 
Molisch; B. luminescens Molisch; Microspira glutinosa (Fischer) 
Migula; M. luminosa (Beijerinck) Migula; Pseudomonas javanica 
(Eijkmann) Migula. The results of numerous experiments are that 
the production of light by bacteria is an exclusively aerobic phenome- 
non, for in the absence of oxygen, they are non-luminous. The light 
is sometimes strong enough that jars containing luminous bacteria can 
be photographed by the light emitted by the organisms within the jar. 

Chromo genic Bacteria . — Most bacteria are colorless and even in such 
forms in which color is associated with their growth on culture media, 
the organisms are colorless. The bacillus which causes the “bleeding 
host," Bacillus prodigiosus, is colorless with the pigment in the form of 
granules scattered about between the bacterial cells. In other cases, 
the pigments and fluorescent substances are diffused in the culture 
medium outside the living cells. Hence, we may call such bacteria as 
chromoparous. The chromo phorous species ^re those in which the 
protoplasm is actually colored. Such are some sulphur bacteria 
Chromaiium and Thiocystis, and finally, there are some forms as Bacillus 
uolacms in which pigment is lodged in the cell wall, when we may call 
them parachromalopkorous. Practically all of the colors of the spectrum 
are represented in the color productions of bacteria: violet {Bacillus 
molaceus)^ indigo {B. janthinus), blue {B. pyocyaneus)^ green (B. 
jiuorescens), yellow (Sarcina luiea), orange (Sarcina aurantiaca) and red 
{B. prodigiosus). The erythrobacteria, or colored sulphur bacteria, 
are unique in the power of assimilating carbon dioxide in the presence 
of sunlight by the activity of bacteriopurpurin (a red coloring matter) 
which behaves like the chlorophyll of green plants. 

Thermogenic Bacteria . — Such substances as hay, silage, manure and 
cotton waste frequently become heated, the temperature inside the 
mass being raised to 60° or 7o°C. This spontaneous heating is due to 
the respiratory activity of the thermogenic bacteria of Cohn (aerobic), 
which set up fermentation and putrefaction. The horticulturist uses 
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manure, especially horse manure, in the construction of hot beds for 
the cultivation and forcing of young plants. In silos, the highest 
temperature recorded during the fermentation of the ensiled material 
was 7o°C. but the best silage is secured by keeping the temperature 
l)eIow Sometimes this spontaneous heating increases to the point 

of actual ignition (spontaneous combustion) and it may occasionally 
happen that such substances, as baled cotton, may be set on fire in this 
way, for Cohn found in damp cotton waste a Micrococcus which, when 
furnished with a plentiful supply of air, raised the temperature of the 
decaying mass to 67^0. 

Aerobic and Anaerobic Organisms . — Another useful division of 
bacteria is into those which are aerobic, requiring oxygen for their 
growth, and anaerobic, those which are indifferent to the presence of 
oxygen. The process of respiration in the aerobes is the same as in 
all ordinary organisms. Contrasted with the obligatory aerobes, wc 
have those which thrive only in the absence of oxygen (obligatory 
anaerobes). The growth of some of the latter is inhibited by small 
traces of oxygen {Bacillus tetani and some butyric organisms). One 
of the classic experiments in biology was devised by Engelmann 
(Botanische Zeitung, 1881 and 1882) to detect minute traces of free 
oxygen. It is a well-known fact that in the process of photosynthesis, 
or carbon fixation, by green plants that free oxygen is formed. Experi- 
ments have shown that not all the rays of the spectrum are equally 
effective in causing this chemic change. The red rays between Fraun- 
hofer’s lines B and C are most effective and after them those just 
beyond the F line. It is these rays that are most active in the evolution 
of oxygen. Engelmann reasoned, that if a green alga was placed under 
the microscope and illuminated from below by a spectrum, so that the 
algal filament paralleled the band of spectrum colors, that if aerobic 
organisms were introduced into water beneath the cover glass, these 
aerobic organisms would congregate in greatest numbers along the 
green alga at those points illuminated by the rays most effective in 
oxygen evolution by the plant. His anticipations were realized for 
he found a grouping of the aerobic bacteria in the neighborhood of the 
B and C Fraunhofer lines and beyond the F line, where theory told him 
to expect the greatest photosynthetic activity. Such minute quan- 
tities of oxygen must be formed by a filamentous green alga, that this 
experiment becomes a microchemic test for the gas. 
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CLASSlEiCATION OF BACTERIA 

Classification According to Niitrition.—kn illuminating classification 
of bacteria has been based on their mode of life, where three biologic 
groups may be recognized : the prototrophic, the metatrophic and the 
paratrophic bacteria. The prototrophic bacteria, which include the 
nitrifying bacteria, bacteria of root nodules, sulphur and iron bacteria 
and crythrobacteria, are those which either require no organic com- 
pounds for their nutrition, or which given a small amount of organic 
carbon can derive all of their nitrogen from the atmosphere, or which 
with a minimum of organic matter can derive energy by breaking up 
inorganic bodies. 

The sulphur bacteria live in sulphur springs where hydrogen sul- 
phide (H2S) is formed by putrefaction of dead animals and plants. 
The sulphur bacteria in such places form a white furry growth on the 
rotting vegetation. Here the HyS is attacked and water and sulphur 
are formed, HjS + 0 = H2O + S. The sulphur is deposited in the 
living cells of the bacteria as yellow amorphous granules, which impart 
to the organism a yellow color. To explain the facts observed, we need 
assume only that the protoplasm increases the oxidizing power of the 
atmospheric oxygen and renders it active. The conversion of H2S 
into water and S gives 71 calories and the further oxidation of the freed 
sulphur into sulphuric acid 2109 calories. The fact that the sulphur 
bacteria can live without organic compounds together with their inability 
to live without sulphur indicates that it is the oxidation of the sulphur 
alone which takes the place of respiration in other organisms. 

The ferrobacteria live in stagnant pools in marshy places. On 
such pools of water, we find a greasy scum of ferric hydroxide Fe(OH)3 
together with organic matter and some phosphate of iron, The ferric 
compounds are reduced by the action of reducing substances formed by 
putrefaction to the ferrous state which are dissolved by carbon dioxide 
CO2 and unite also with it to form ferrous carbonate. The atmospheric 
oxygen can convert this carbonate back to ferric hydroxide, but Wino- 
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gradsky has shown that the process is assisted by the iron bacteria 
and the ferric hydroxide is deposited as a tube about such organisms 
as Leptothrix ochracea. These tubes, or sheaths, are deposited later 
as bog iron ore. 

The nitrifying bacteria are found in the soils of our gardens, fields 
and meadows and in virgin soil derived from places the world over. 
Winogradsky has discovered that the conversion of ammonia into 
nitric acid takes place in two steps and that bacteria are effective in 
both of these operations. One set of bacteria belonging to the genera 
SiirosQcoccus and NUrosomonas oxidize the 
ammonia to nitrous acid, or its nitrite, and the 
conversion of this nitrous acid (nitrite) to nitric 
acid, or its nitrate, is accomplished by Nitro- 
bader. Nitrosococcus is a non-motile spheric 
cell, SM in diameter, found in soil from South 
America and Australia, while NUrosomonas 
etiropaa found in all soils from Europe, Africa 
and Japan is a short ellipsoidal motile form 0.9 
to i/i wide and 1.2 to i.8/u long with a short 
cilium. NUrosomonas javanensis from Java is 
almost spheric, 0.5 to 0.6/4, with a cilium 30/i 
long, which is the longest known among bac- 
teria. Nilrobacier are minute non-motile rods 
(0.5/4 X 0.25/4). These orgamsms are of the hean, Giydn, his pida, with 
greatest importance in putting the nitrogen of tubercles. {After Conn, 
the soil into a form which can be absorbed by p Bacteriology, 

the roots of the cultivated plants. 

The bacteria which produce the nodules (Fig. 8) on the roots of 
leguminous plants are probably the same the world over and to them 
Beyerinck has given the name of Bacillus radicicola, while Frank called 
them Rkizobium kguminosarum (Fig. 10), When the seeds of clover, or 
some other leguminous species are planted, and soon after the primary 
root appears with its root hairs, Bacillus radicicola, attracted chemo- 
bicticaily to the fine root hairs, penetrates the walls of these root hairs 
by ferment action. So many bacilli enter the root hair cells that they 
form slimy cords, almost hyphae-Iike, as they move into the middle 
cortex cells of the root. Here in the cortex cells, the microorganisms 
form nests or pockets, that are filled with the nodulc-producing bacteria 
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(Fig. 9). The presence of these bacteria causes the formation of swell- 
ings, tubercles, or nodules on the roots of the leguminous plants. Here 
BacUlus radicicola remains, utilizing free atmospheric nitrogen until 
about the time of flowering of the host, when it be^ns to assume in- 
volution forms, enlarging considerably and assuming S-shaped or 
Y-shaped forms (Fig. 10). Then they are gradually absorbed by the 



Fig. 9. — Cells of root iuberole of Lupinus angustifolius magnified to show thu 
bacteria; four cells with nuclei. [After Moore^ Geo. T., Yearbook U. S. Dept. Agrk.. 
1902, pi. xxxix.) 


green leguminous plants and their substance. is transformed into a 
form of nitrogenous substance, which is utilized by the leguminous 
host, either as food, or stored as nitrogenous reserve supplies. The 
nodule becomes emptied of its contents and remains as a hollow sac, 
enough of the organisms being returned to the soil to seed it and provide 
for infection of other leguminous crops that may follow. The growth 
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of these useful organisms in the soil is stimulated by aeration, by some 
organic material, by proper soil drainage, by the application of lime 
which overcomes soil acidity. The farmer becomes independent of 
the ordinary nitrogenous fertilizers, which are expensive, by plowing 
under the leguminous crops, which on decay yield up to the soil the 
nitrogenous substance largely accumulated by bacterial action where 
it is available to that large class of nitrogen-consuming plants such as 
the grasses, weeds, root crops, fruit crops and the like, which are de- 
pendent on the soil nitrates for their nitrogen. The leguminous plants 
as nitrogen-storing plants should, in an up-to-date rotation, be 
alternated with the nitrogen-consuming crops. 



Fig. 10. — ^Left, branching forms of bacteria from clover tubercle (X2000); 
right, rod forms from fenugreek tubercle ( X 2000). {After Moore, Ceo. T„ Yearbook 
U. S. Dept. Agric., 1902, pi, xxxix.) 


Uetatrophic Bacteria . — The metatrophic bacteria include the zymo- 
genic, saprogenic and saprophile bacteria, which cannot live unless 
they have organic substances at their disposal, both nitrogenous and 
carbonaceous. They flourish where organic substances and foodstuffs 
are exposed to decay in impure water and in the waste from animal 
bodies. Many of them produce profound fermentative changes 
(zymogenic bacteria) in bodies. Others cause putrefaction and decay 
(saprogenic bacteria), while others develop in media which have been 
decomposed by saprogenic species and as saprophile organisms break 
these substances up into simpler chemical form. 
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Fermentation is well exemplified in an old and well-known process, 
the conversion of alcohol into acetic acid by a number of organisms 
morphologically very similar. Hansen considers that there are three 
different species concerned in the acetic fermentation, namely, Bacterium 
aceticum, B. Pasteurianus and B. KUtzingianus^ which are non-motile, 
medium-sized rods often in chains and forming pellicles which appear 
on the surface of the liquid, afterward sinking to form in the liquid a 
deposit known as mother of vinegar. The changes which take place 
in the conversion of alcohol to acetic acid may be expressed as follows: 

CH3.CH2.OH -h 0 - CH3.CHO + H2O 

Alcohol Aldehyde 

CHj.CHO + 0 = CH3.COOH 

[Aldehyde Acetic Acid 

This is conducted in barrels with wood- shavings, where the alcoholic 
fluid trickling over the shavings coated with the bacteria, and in contact 
with the air, is changed to acetic acid. 

Lactic acid fermentation is important to man, because upon the 
changes in milk by the lactic acid organisms depends the manufacture 
of a considerable number of valuable products of the dairy, such as 
buttermilk and cheese. This fermentation is an aerobic process whose 
optimum is found between 30° and 35°C, There is a considerable 
number of bacteria capable of converting milk sugar into lactic acid, 
such as Vibrio cholerce, Bacillus prodigiosus and others, but the true lactic 
acid bacteria are those which are the cause of the souring of milk. 
Formerly, they were all classed as Bacterium acidi lactici^ but recent 
investigations have shown that not one species but a considerable 
number are at work, sometimes one form; sometimes another being 
active. A common kind is a short non-motile rod, 0.5/i X i to 2^, 
facultatively anaerobic, known by such names as Bacterium acidi lactici, 
B. aerogenes, and probably comprising several races of one species. 
The true lactic acid fermentation is the change of lactose, or milk 
sugar, into lactic acid. As lactose is not directly fermentable it must 
be converted into such simple sugars as glucose and galactose. The 
following equation approximately represents the chemic change 
involved. 

CisHaaOn + H^O - C,KnO, + CeHi^Oc 

Lactose Water Glucose Galactoise 

= 2C3H8O3 

, Lactic Acid 
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Several other important fermentations are due to bacteria, as the 
causa! organisms, namely, the butyric, cellulose, and mucilaginous 
fermentations. The retting of vegetable fibers, the manufacture of 
indigo, the curing of tobacco are all dependent on bacterial fermentations. 

The saprogenic organisms are concerned with decay, or putrefac- 
tion. The decomposition of dead animal and plant bodies is far from 
being a simple putrefactive process. Nitrogenous and non-nitrogenous 
bodies are both concerned in the putrefactive changes and they are 
broken down into simpler nitrogenous and non-nitrogenous compounds, 
or even elements. Proteins are split up into albumoses and peptones, 
aromatic compounds (indol and skatol), amino compounds (leucin, 
tyrosin, glycocol), fatty and aromatic acids and inorganic end products 
(nitrogen, ammonia, hydrogen, methane, carbon dioxide and hydrogen 
sulphide). Ptomaines and Jother poisonous bodies arc formed known 
as toxins, a name applied indiscriminately to all bacterial poisons.^ 

The activity of all these organisms in causing decomposition of 
animal and plant products is important in preserving the circulation 
of carbon and nitrogen in nature. Without such destructive changes, 
the elements carbon and nitrogen would be combined in such a form 
as to be forever lost to animals, and plants. In the dissolution of these 
complex bodies, the simpler chemic compounds are released and can 
be used over again by living animals and plants. Much should be 
made of the circulation of the elements in nature and the two chief 
cycles are the carbon cycle and the nitrogen cycle with a sulphur and 
phosphorus cycle as well. There are two main processes in organic 
life: the constructive processes (anabolism), and the destructive 
processes (katabolism). Construction is accomplished mainly by green 
plants and the prototrophic bacteria. Destruction is the work of 
animals, metatrophk and paratrophic organisms; which have to break 
down organic matter to live. Thus the elements of the organic world 
are kept in perpetual circulation. 

Paratrophic Bacteria . — These organisms occur only in the tissues 
and vessels of living organisms and are, therefore, true parasites. Many 
of them are responsible for animal and plant diseases and the special 
types, as far, as they concern this book, namely, those which induce 

'Consult Lalhrop, Elbert C.: The Organic Nitrogen Comj^ounds of Soils and 
Fertilizers. Journ. Franklin Inst. 183 : i6g-2o6, Feb.; 303-321, Mch.; 465- 
498, Apr., 1917. 

3 
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diseases in plants will be considered at length in another section, 
Most attention has been paid to diseases of animals and man due to 
bacteria and the number of special works dealing with the subjects of 
bacteriology, pathology, immunity and disease would form a library. 
Nearly every phase of the relationship of bacteria to animals and man 
has been cultivated, and microbiology has been placed on a firm founda- 
tion, as a subject of human inquiry. The field is too vast for one man 
to cultivate it, and hence, we find a narrow specialism perhaps more 
than in any of the other departments of biologic investigation. 

An interesting phase of the relationship of parasite and host has 
come recently into the scientific limelight. Dr. Erwin F. Smith in 
the study of the organism which produces the crown gall of woody 
plants, Pseudomonas tumejaciens (Fig. 143), finds that the growth and 
formation of the tumors suggests the development of cancer in man. 
He thinks the formation of tumors in plants away from the point of 
infection suggests a similarity (Fig, 158). 

SYSTEMATIC ACCOUNT OF THE BACTERIA 

For the use of students who may not have access to larger works 
on bacteria and who would like a short systematic account of the 
bacteria the following synopsis is given. 

ORDER I. EUBACTERIALES.— The organisms of this order 
are unicellular, or in plate-like, spheric, or filamentous coenobia, i^ 
imbedded in a slimy matrix, then not of a definite form. 

Family i. Coccace^. — Single spheric cells. Division in one 
two or three directions. 

Streptococcus. — Division always in one direction, coenobia, there 
fore, chain-like, cells without flagella. Pathogenic: 5 . erysipelatos 
specific germ of erysipelas to be distinguished with difficulty from S 
pyogenes. Not pathogenic: 5 . mesenterioides {Leuconostoc mesen 
terioides), occurring in mucilaginous masses in the molasses waste 0 
sugar factories, and its presence disastrous to the industry. 

Micrococcus. — Division in two directions, coenobia, sheet-like 
without flagella. Pathogenic: Micrococcus pyogenes aureus ( = 
Staphylococcus pyogenes aureus)^ the cause of pus formation and 
purulent discharge from wounds, M. gonorrhcece (= Gonococcus gonor- 
rhxd) specific germ of gonorrhoea. Not pathogenic: M. aurantiam, 
luteusy cinnabareus producing pigments. 
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Sarcma. — Division in three planes, ccenobia in bales, or pockets, 
no flagella. S. ventricuUj frequent in the stomach of men, but non- 
pathogenic. S, aurantiacaj Jiava^ lulea are chromogenic. S. rosea 
with red cell contents occurs in swamps, or colors the soil a rose-red 
color. 

Planococcus. — Division and coenobic formation as in Micrococcus, 
flagellate. P. citreus produces a yellow color. 

Planosarcina. — Division and coenobic formation as in Sarcina, 
flagellate. 

Family 2. BAcxERiACEiE. — Cells longer or shorter cyUndric, 
straight, or at least never spirally twisted. Division always at right 
angles to the long axis, and only after a prehminary elongation of the 
cell. The rods may separate early in some species, in others they 
remain united for a considerable time as longer or shorter filaments, 
Endospores are frequent, rare, or wanting. Flagella may or may not 
be present. 

Bacterium (Ehrenberg char, emend.),— Cells as longer or shorter 
cyUndric rods, often forming filaments of considerable length. With- 
out flagella, Endospore formation in many species, absent in others. 
Erwin F. Smith (“Bacteria in Relation to Plant Diseases”: 168 to 
1 71) believes that bacteriologists should substitute Bacterium for 
Pseudomonas as the older generic name, and he would establish a new 
generic name Aplanobackr for the non-motile forms generally referred 
to Bacterium. This distinction is not adopted in this text-book. 
Pathogenic: Bacterium (A planobacier) Rathayi the cause of Rathay's, 
disease of the orchard grass; B. michiganense the cause of the Grand 
Rapids (Mich.) tomato disease; B. anthracis the first organism deter- 
mined to be the cause of disease, causing anthrax or splenic fever; 
B. mallei specific in glanders in men and horses; 5 . pneumoniae, the cause 
of pneumonia; B, tuberculosis responsible for tuberculosis (consumption*, 
phthisis) in man and animals. It can be distinguished by its staining 
reactions. If stained with carbol fuchsin and then treated with dilute 
nitric acid (1:5), the stain remains fast, while with other organisms, 
the stain will be washed out. After this treatment the tissues can be 
treated with methylene blue for differential staining. B. leprce, the 
organism of leprosy; B. injiuenzee, the cause of influenza, or grippe; B. 
dipiheritidis, the causal bacterium of diphtheria; B. pestis, specific in 
the disease known as the plague, which as the Black Death devastated 
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London in 1665 in which 70,000 person55 perished. It is carried by 
infested rats. 

Nofi-palhogenic: B. aidicum sets up in alcoholic solution the acetic 
acid fermentation and its films later form mother of vinegar. B. 
acidi lacHci ferments sweet milk transforming it into sour milk where 
the acidity is due to lactic acid, B. phosphoreum is a phosphorescent 
fresh-water organism. 

Bacillus (Cohn char, emend.).— Cells straight, rod-shaped to ovoid, 
Jong or short, sometimes united into filaments. Motile by wavy, 
bent flagella scattered over the whole surface of the cell. Formation 
of endospores frequent. Motility may be active for a time, and then 
is lost. Pathogenic; B. mus<B causes the Trinidad banana disease; 
B. tracheiphilus is responsible for the wilt of cucurbitaceous plants; 
B. amyloiiorus, the pear-blight organism; B. caroiovorus^ specific in 
soft rot of carrot; B. aroidecd, an organism which causes soft rot of the 
calla; B. tetani, the causal microbe in tetanus, or lockjaw, is found in 
the soil and may enter the skin or superficial muscles of man through a 
pin prick, or rusty nail point; B. typhi, the typhoid bacillus.. Non- 
pathogenk: Bacillus sublilis, the hay bacillus found in hay infusion, and 
is the cause of decay. B. coli in the alimentary canal of animals and 
men and in the water polluted by sewage. B. bulyricus produces 
butyric acid fermentation and the coagulation of casein. B. radicicola 
(— Rhizohium leguminosarum) lives in the roots of leguminous plants 
and forms the root tubercles or nodules (Figs. 8, 9, lo). B. amylobacter 
(= Clostridium butyricum) ferments cellulose, dissolves casein and is 
useful in the retting of plants for fiber production. B. prodigiosm 
is found on many food substances imparting to them a dark red color. 
B. calfacior appears in hay infusions, where it produces a rise of tem- 
perature. B. putrijlcus, a widely distributed organism. Many bacilli 
’that occur in the ocean are luminous. 

Pseudomonas. — Cylindric bacteria, sometimes long, sometimes short, 
occasionally in threads. Locomotion accomplished by pofar flagella, 
the number of which may vary from one to ten, most frequently 
one flagellum is present, or three to six. Endospores are formed, but 
are rare. The following are the causes of diseases in cultivated plants: 
Pseudomonas campestris is responsible for the black rot of cabbage and 
other cruciferous plants. Ps. hyacinthi causes the yellow disease of 
hyacinths. Ps. vascularum is associated as the causal bacterium in 
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Cobb’s disease of sugar cane. Ps. pyocyanea causes blue pus. Ps. 
putida occurs in water, where it develops a green jSuorescent pigment. 
Ps. syncyanea produces in milk a blue coloring matter (blue milk). 
Ps. europcea belongs to the group of organisms which cause nitrification. 

Family 3. Spirillace^. — Spirally wound or bent cells with occa- 
sional endospore formation, usually motile. Cell division transverse 
to the long axis of the cell. 

Spiro soma. — Spirally bent, rigid cells usually rather large and with- 
out flagella. Unicellular free or enveloped in a gelatinous capsule. 
Only a few species are known. 

Microspira. — Comma-shaped, or sausage-shaped,' single, or united 
cells, motile by means of a single, wavy, polar flagellum (rarely two or 
three flagella), rarely longer than the cell. Endospores unknown. 
Usually united with the next genus. 

Spirillum. — Rigid rod-shaped cells of varying thicknesses, lengths 
and pitch of spiral turns, hence, either as long screws, or loosely wound. 
Flagella occur at one or both ends of the cells as polar tufts varying in 
number from five to twenty. In some species, endospore formation 
has been observed. Sp. comma is the cause of asiatic cholera and is 
found in cultures often in long spirally wound filaments. There are 
many non-pa thogenic spirilla in water from rivers and ponds as S. 
danuhicum in the Danube, Sp. berolinense in Spree water, Sp. rufum 
in stagnant water. Sp. rufum forms blood-red slimy masses between 
decaying algse. 

Spiroch(sta.— Thin, flexible, snake-like, motile cells usually quite 
long without observed flagella and endospores, and unsegmented. 
Spirochata Obermeieri is the cause of relapsing fever (febris recurrans). 
S. {Treponema) pallida is the organism of syphilis. -S. dentium is found 
associated with the teeth.in man. 

Family 4. Phycobacteriace^ (Cklamydobactfriace^e).— Cylin- 
dric cells united into sheath-surrounded threads and reproducing by 
motile or non-motile conidia, which arise from the vegetative cells 
without a resting stage. 

Streptotkrix (= Chlamydothrix, Lepioihrix, Gallionella). — Non-motile 
cylindric cells in unbranched threads possessing a sheath of varying 
thickness. Septa vague. Reproduction is accomplished by roundish, 
non-motile conidia arising from the vegetative cells. S. jluilans in 
water. 
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Crenoihrix.—yhe cells are arranged in unbranched threads attached 
at one end and enlarging toward the distal extremity, Filaments 
covered by a rather thick sheath. The reproductive cells are non- 
motile conidia, which on discharge immediately germinate. Crenaikrix 
polyspora in springs and water pipes, where it forms attached slimy 
growths. The sheaths in iron waters are impregnated with iron 
oxidhydrate. 

Phragmidiotkrix. — Cylindric cells with delicate, scarcely visible 
sheath. The cells of the filament are at first in one plane which later 
divide in three directions to form clumps or packets of cells. Later 
the single cells roOnd off and become free. Ph. multiseptata with fila- 
ments 3 to i2iL( broad and loo/i long attached to the bodies of crustaceae. 

Cladolhrh {Sphdi^otilus in part).— The fixed and often tufted 
filaments form delicate sheaths. The cells are cylindric and by inter- 
calary growth may break laterally through the sheath to form false 
dichotomous branches. Reproduction is accomplished by motile 
swarm spores (gonidia) which bear a tuft of flagella a little to one side 
of a pole. Cladothrix dichotoma occurs frequently in stagnant water, 
attached and forming furry growths. The following species occur in 
the soil: C. rufida, C. profundus, C. intestinalis, C, fungiformis, while 
C. intrica has been isolated from sea water and sea mud. 

Family 5. Thiobacteriace^: (BEGGiATOACEyE). — Cells with sul- 
phur inclusions, unpigmented, or colored rose, red or violet by bacterio- 
purpurin; never green. The plants are generally filamentous with 
division transverse to the long axis. 

Thiotkrix. — Unequally thick attached filaments encased in a 
delicate, scarcely visible sheath. Rod-shaped conidia are formed at 
the ends of the threads. Th. ntvea is found in sulphur springs and in 
stagnant water. 

Beggiatoa. — Sheathless, free-filamentous bacteria, motile by means 
of an undulating membrane. Cells with included sulphur granules. 
Spore formation unknown. B. alba is found in dirty water, drain 
water from sugar factories and attached to decayed plants in sulphur 
springs. B, mirahilis forms while growths on dead marine alg®. 

The colored sulphur bacteria, sometimes placed in the family 
Rhodobacteriace^, belong here. They have rose, red or violet cell 
contents due to the presence of bacleriopurpurin (see ante). The im- 
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purtant genera according to Erwin F. Smith (“Bacteria in Relation to 
Plant Diseases,’^ I: 163) are ThiocysHs, Thiocapsa^ Thiosarcina, 
LamprocysUs, Thiopedia, Amcehohacter^ ThiothecCy Thiodiciyony Thio poly- 
coccus, as well, as tie three genera Chromatium, Rhabdockromatium, 
Thiospirillum. 

Family 6. Actinomycetace^ (Position doubtful).— Radially ar- 
ranged branched filaments in colonies, non-motile. Filaments divid- 
ing into oidia-like reproductive cells. 

Actinomyces chromogenes occurs in soil. A. bovis is the cause of 
lumpjaw in cattle and occasionally in man. The plant occurs in 
rosettes usually 30 to 40/^ in diameter. The filaments which are often 
curved sometimes spirally exhibit true branching and are interlaced 
in a network. Recently Youngken (Amer. Jour. Pharm., September, 
1915) has described the foundation of the large swellings (mycodomatia) 
on the roots of the waxberry, Myrica carolinensis, and other species, as 
due to a species of ray fungus, Actinomyces myricarum, that abun- 
dantly fills infested cells in the cortex of the tubercular swellings. A , 
thermophilus is found on hay and manure. 

ORDER II. MYXOBACTERIALES.— Individual plants en- 
closed in slimy masses which assume . more *or less regular fructifica- 
tion-like shapes. 

Family i. Myxobacteriace^.— Erwin Baur and Roland Thaxter 
have studied these forms most intimately. The plants of this family 
consist of motile, rod-like microorganisms, with a gelatinous base and 
forming false plasmo(fioid aggregations preceding a cyst-producing, 
quiescent state in which the rods may be encysted in groups or con- 
verted into spore-masses. The slightly reddish rods in the vegetative 
stage are elongate, sometimes i$u long and vary little in size in the 
different genera and species. Cell division is by fission and the active 
rods show a slow sliding movement without organs of locomotion. The 
vegetative phase in artificial cultures usually lasts about a week, or 
even two weeks, and the formation of cysts which follows must be more 
rapid in nature. These organisms are found in moist places on decay- 
ing wood, dung, funguses and lichens, growing best, according to Baur, 
at 3o®C. Three genera are included in this family. 

Chondromyces. — Rods producing free cysts within which they 
remain unchanged. The cysts are various, sessile or developed on a 
stalk (cystophore). 
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Polyanpim Myxobadejj Cystobacier). — The rods form large 
rounded cysts one or more of which are free inside a gelatinous stalked 
matrix. 

Afyxoc(JCCM5.~Slender rods which swarm together^ after a vegetative 
phase, to form well-defined; more or less sessile or stalked encysted 
masses of coccus-like spores. * 
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CHAPTER V 


CHARACTERISTICS OF THE TRUE FUNGI 
CLASS III. EUMYCETES 

The true fungi or hyphomycetes a web + a mushrooin) 
are thallophytes in which the thallus, as the Greek derivation implies, 
consists of a system of threads {hyphcs) which form a cobwebby struc- 
ture known as the mycelium (Fig. 1 1). A single thread of the mycelium 
is an hypha (plural hyphie) and a hypha may be unicellular, or multi- 
cellular. All true fungi are colorless, that is they are chlorophylless; 
and although they may have other pigments present, yet in the absence of 
chlorophyll, they are dependent plants. 
As dependent plants, they must get 
their organic food from extraneous 
sources, and as all organic matter is 
either dead, or living, a natural classi- 
fication of fungi into saprophytes and 
parasites can be made. A saprophyte 
(tfairp^s, rotten -p ^utov, a plant) is any 
organism which derives its chief food 
supply from dead, or dead and decaying 
animal or plant organic material, while 
a parasite {rapaffiros, one who lives at another’s expense) is an 
organism, which exists at the expense of living animals, or plants 
(Fig. 12). But some saprophytes may change their mode of nutri- 
tion and become parasitic; such saprophytes are called facultati^'c 
parasites, while those which retain their saprophytism under all condi- 
tions are obligate saprophytes: Again some parasites can adjust their 
methods of nutrition, so that they can become saprophytes. Sucli 
parasites are called facultative saprophytes, while those organisms 
which are always parasitic are obligate parasites. These distinctions 
are useful, ^but it should be emphasized that there is no absolute border- 
line between one condition and the other. There are imperceptible 
42 



Fiq, II. — Gray mould, Mucor, 
showing mycelium and the sporan- 
gia on upright sporangiophores. 
{After Conn.) 
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[gradations which preclude an absolute pronouncement as to whether 
:i plant is a saprophyte, or a parasite.^ Botanists generally concede 
that the true fungi have been derived from filamentous algal ancestors 
and the groups of algae from which the principal forms of fungi have 



been derived are. fairly well known. For example, it is believed that- 
such fungi as belong to the order OOMYCETALES have been derived 
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irom a green alga like Vam:hena. With our present knowledge, it is 
impossible to name any one existing alga as the progenitor of a definite 
fungous form, but we are safe in assuming in a general way that certain 
phyla of fungi have been derived from certain phyla of algse, by the 
loss of chlorophyll and in the loss of an independent existence. Another 
view, which is open to argument, is that certain of the prototrophic 



Fig. l3.“*-Dcvt:lopment of Mucor mucedo. a, b, c, d. Stages in the formation o£ 
zygospore; /, sporangium; R, mature sporangiospores; h, one germinating. (After 
Schneider, Pharmaceutical Bacteriology, p. 142.) 


filamentous bacteria to which attention has been previously called 
have been the direct progenitors of certain of the filamentous fungi, 
but’ on account of the character of the reproductive organs in the lower 
true fungi their derivation from green algae is the more probable, and 
mycologists even speak of the algal fungi referring especially to aquatic 
genera, such as Saprokgnia, which like their algal ancestors not only 
retain the general morphologic features of the algae, but also live in an 
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aquatic medium, and the success of the process of fertilization depends 
on the presence of free water. Such fungi form a subclass of EUMY- 
CETES, the PHYCOMYCETES. 

The vegetative organs of fungi are concerned with the absorption 
of food, the assimilation of the food and in the nutrition of the organs 
of fructification which together form the reproductive system. That 
the student may appreciate the morphology of the vegetative organs of 
the fungi, three examples from widely divergent orders will be chosen 
by way of illustration. A common mould is Mucor mucedo which 
appears on horse manure. If a spore of this fungus is placed in a nutri- 
tive medium, its wall breaks and there protrudes a germ tube r’ich in 
protoplasmic contents (Fig. 13, A). This germ tube grows in length 
into an hypha without the development of partition walls dividing it 
into shorter cells. This hypha branches and rebranches in its growth 
over the nutrient substratum spreading in all directions, if unimpeded 
by other organisms growing on the same food substance. The ultimate 
branches of this mycelium, which is throughout unicellular, are much 
attenuated, fine hyphje representing the end ramifications of larger and 
coarser hyphse nearer the point of origin of the whole mycelium (Fig. 
13). The finest hyphae usually enter the substratum, while the coarser, 
stronger hyphse form a cobwebby mass over its surface. We can 
distinguish therefore the feeding hyphae, which are rhizoidal hyphae, 
and the aerial hyphse in which probably the metabolic changes are 
most active where the mycelium is in open contact with the air. Later, 
when the mycelium is well established on the nutrient substratum, 
erect vertical hyphae appear at indefinite points on the larger aerial 
hyphae. These are tfif fruiting hyphae, or sporangiophores, which 
ultimately cut off a terminal cell which becomes the sporangium, or case, 
in which the reproductive cells or spores are formed, while the end of 
the sporangiophore projects into the interior of the sporangium as a' 
columella (Fig. 13, /). 

The common green mould, Penicillium glaucum, m&y be taken as the 
second illustration (Fig. 14). If we sow a spore on nutrient agar in a 
Petri dish after a few hours the spore swells and there emerges a germ 
tube which at first is undivided by a partition wall. Later, as the older 
hyphae branch to form new ramifications, cross-partitions are formed 
which divide the mycelium into short cells, so that in that respect the 
mycelium of PenicUHum differs from that of Mucor. The hyphal 
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branches are coarser in PenicilUitm and do not form the fine-point eij 
ends found in Mucor. The presence of transverse walls in the fungi is 
thought of sufl&cient importance to make a subclass known as the 
MYCOMYCETES to contain all of the true fungi EUMYCETES 
which have a mycelium which is multicellular in contradistinction 
to those which have unicellular mycelia and that form the subclass 
PHYCOMYCETES. From this spreading mycelium of transversely 
septa ted hyphse in Penicillium arise hyphae which branch at the 
extremity into a number of erect branches from the ends of which 
are cut off in sequence a series of small round cells, the spores, which if 
undisturbed remain connected in a chain, so that the 

f fructification roughly resembles a small broom, oi 
^ whisk. The large vertical hypha is a conidiophore, 
and as the spores are pinched, or abstricted off from 
the secondary branches as single cells, they are 
known as conidiospores (kovl^^ dust -p axopA a seed) 
(Fig. 14 and Figs. 243 to 263 inclusive). 

The third example, which we will use to describe 
in general terms the vegetative organs of the fungi, 
is the honey-colored toadstool, ArmiUaria mella 

(Fig. 1 5) . The toadstools, or fruit bodies, often form 

Fig. 14.— Con- dense clumps around the base of some dead or dying 
mon^^g7con-moaid.' almost cover an old stump on which the}’ 

Penicillium giau- grow. The cap is of a honey-colored brown, about 
cum with tcrminiil . • i j .l-l i. u • • l 

chains o£ conidio- mches across, and the stem may be six inches 

spores. {After Conn, long and paler than the cap. Microscopic sections 
rdiogf! 7 .^l) of Ifio stem and cap show tljat they consist of hypha 

' that are closely bound together to form the stem and 

cap. If we examine the base of the stalk, we find that it arises from 


a dark-colored cord-like strand which has been termed a rhizomorpli 
because of its resemblance to a root (Fig. 15, II and IV). • These 
rhizomorphs constitute the mycelium and they either ramify througli 
the soil, or else are found beneath the bark of the dead tree, where 
they unite to form open-meshed nets of a dark brown color. These 
rhizomorphs are strands of hyphae that run longitudinally. The 
hyphal cells are bound together in a cord-like cable which is peculiar 
in that it shows apical growth, constantly elongating at its extremity, 
as it grows beneath the bark, or penetrates the soil (Fig. 15) 
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Fig. 1$. — Details of the mycelium of Armiilaria mellea. I, Piece of mycelium 
oil slide; //, piece of old myceliufn {Rhizomorpha subierranea); III, rhizomorphpro- 
‘I'jcitig fruit bodies; IV, apex of rhizomorph capable of growth; (a) peripheral hyphs; 
{b) pseudo-epidermis; (c) growing point; (d, e, h) pith; (ft) hollow center, {/ and 
after Brefeld; III, after Hartig in Zopf, Die Pilze, 1890, P..25.) 
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its extremity, as it grows beneath the bark, or penetrates the soil (Fig. 
15). Such a compound thallus differs strikingly from the filamentous 
thalluses of the two previously described fungi. The union of the 
hyphal cells in some of these fleshy fungi may be so intimate as to con- 
stitute a pseudoparenchyma, and this close union of the cells may be 
made still more intimate by clamp connections where two adjoining cells 
are bound together endwise by a clamp-like protuberance of one of the 
cells attached to the end of the other adjoining cell. When the pseudo- 
parenchyma is external, it may serve for the protection of the internally 
disposed hyphs, and be looked upon as protective tissue. Mechanic 
tissues for the support of fungi are not unknown in some of the groups, 
as in some of the polypori; where there are clamp connections, trans- 
verse septa and thickened cell walls. A few of the higher fleshy fungi 
have conducting hyphac, which are larger and more tubular than tbe 
surrounding hyphae, and which conduct later, oil and other substances, 
Those which conduct a milky juice, as in some species of Russula and 
Lactarius, may be termed laticiferous hyphae. There are some fungi in 
which the hyphal form of thallus is not present. The yeasts are either 
single ellipsoidal cells, or these cells are loosely connected together in 
a chain of bed-like cells. These chains are ,due to the budding or 
sprouting method of cell multiplication where a bud, gemma, or sproul, 
grows out from the mother cell as a daughter cell. It in turn buds 
producing a granddaughter cell and so forth. Such a method of 
reproduction is known as gemmation. 

In the parasitic fungi, the hyphse run either into the cells, througli 
the cells (intracellular), or between the cells (intercellular). Where 
the hyphs are intercellular, short branches. may be formed which 
penetrate the host cells. These short branches take various forms and 
are known as haustoria; a single one as an hauslorium (Figs. 36 and 67) 
Occasionally in the mildews, the mycelium may be superficial ano 
hence epiphytic, while the mycelia which are internal are endophyii(- 
These arc useful terms when describing the parasitic habits of fungi. 
Some of the groups of fungi have mycclia that form resting bodies 
of hyphae. These are the most compact of all forms of mycelia and 
are known as sclerotes {sclerotium — ia), which in many cases assume 
tuberous forms. They are resting states of the mycelia and act as 
stores of reserve material. These are some of the principal forms of 
the vegetative thallus of the fungi. Further details will be given in 
he discussion which follows. Some sudden, epidemics of rust fungi 
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have been ascribed by Eriksson to the presence of the protoplasm of 
the rust mixed with the protoplasm of the host. To this ^eluded 
fungous protoplasm he gave the name mycoflasm. 

Some fungi are iymbiotk^ that is, they are found in intimate re- 
lation with chlorof^yll-containing plants and obtain from them food 
of a carbonaceous character, but without apparently injuring the 
green symbiont. When they live with algae, they commonly form 
lichens; or if in connection with the roots of trees, orchids; and in 
prothallia they form what is known as mycorhka (Fig. i6). 

The spores or reproductive cells of fungi may be of two kinds: 
non-sexual spores and sexual spores. The non-sexual spores are cells 
which are formed vegetatively. They are cells which take special 



Fic. j6. — Ectotrophic mycorhizas. At left hyphal mantle on root of hickory 
Carya owiia in cross section; at right root tip of an oak, Quercus, with fungous mantle. 
{From Gager, after W. B. ^cDougaJl.) 


forms in the different groups of fungi and are prodded as special cells 
in a purely vegetative manner. They represent a special part of the 
thallus given over to reproduction. Upon the formation of these 
spores, which may germinate at once or live for some time as resting 
spores, the rapid multiplication of the fungi depends. It is the iimu- 
merable quantity of these non-sexual spores upon which an epidemic 
of some particular fungous disease may depend. Only the most general 
characters af the various kinds of spores can be discussed in an intror 
duction of this kind. The special kinds will receive due attention as 
we proceed. Spores which are cut off, or pinched off,, in concatenation 
from the end of a vertical hypha, are known as conidiospores^ In the 
rusts such conidiospores become uredospores, and in the jnushrooms 
basidiospores. Where the non-sexual spores are formed in a spore case, 
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or Sporangium, they may be itxmed sporang,iospor^s (Fig. i3>/)' 
quently spores are formed by a modification of certsdn cel^ 6i the h^hal 
branch. These spores are usually thick-waJled, as in the smuts, and 
become known as chlamydospores. Where the ^yole hypha is divided 
up into a* chain of spores one after the other in dose order, such spores 
are called oidiospores, .Spedal receptades are assodated mih the 
formation of the non-sexual spores. These are found in the^ fungi, 
ASCOMYCETALES, where the depressed conceptade becomes a pycnidium, 
or conidial fruit, and the spores which it contains axe pycnidiospores, 
pycnospores, pycnoconidia or the styhspores of Tulasne. This form of 
conidial fruit is surrounded by a firm wall or peridium. The pycnidia 
may be depressed in the tissues of a host plant or elevated above its 
surface, as the case may be. In some fungi the conidiopbores, in- 
stead of being separate, are arranged in parallel order, side by side, 
at an early stage, and thus are united into a fascide to which the name 
coremium has been applied. 

The prindpal sexuai^ produced spores in the fiingi are zygospores, 
oospores and ascospores. The first two forms are found in the sub- 
class PHYCOMYCETES. 

Their formation proceeds in such a manner that the zygospores are 
produced^isogamously, that is, by the union of two similar cells, while 
the oospores -are heterogamous, that is, they are produced by a union of 
an egg cell and a sperm cell. Hence, we distinguish two orders of 
the PHYCOMYCETES, namely, the ZYGOMyCETALES and the 
OOMYCETALES, thefirst showing isogamy and the latter heterogamy. 
Details will be giygi when these orders axe consij|er^ in detail. Until 
recently, it was bdieved that sexuality did not exist in the sac ‘fungi, 
ASCOMYCETALES, but recent research has shown that the nudei 
of two adjoining cells unite and this is followed by the formation of a 
spore sac, or ascus, containing sac spores, or cscospores. The formation 
of the asci is usually associated with the productkm of definite fruit 
bodies. It is doubtful whether sexuality found in any of the other 
groups of fungi. Curious nudear fusion%in the rusts hav^i been sug- 
gested as a sexual union, but it is safer to await future discoveries 
before adopting such a position. However, there are fungi in vhicb 
sexual organs seem to be lost enthely and many of these belon|^^ the 
most highly developed forms where the thallus and fructifications are 
of a complex type. ^The whole trend of evolution in the fuii|^ ^ for 
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the reduction in size and importance of the sexual organs, until they 
have disappeared completely. This may be a result of the perfect 
manner in wMch the different specific types are reproduced and multi- 
plied by the various kinds of non-sexual spores found in the different 
fungous groups. 



CHAPTER VI 


HISTOLOGY AND CHEMISTRY OF FUNGI 

Histology,— ‘Naked cells which are destitute of a cell wall and con- 
sist of naked protoplasm occur as motile cells in only two unimportant 
groups of the OOMYCETALES, The cell wall of fungi does not 
appear from the results of numerous workers upon its chemistry 
to be of the same nature in the different groups of them. A general 
term which has been in current use and which was first suggested 
by A. de Bary is that of fungous cellulose, but that term, as far 
as indicating the chemic character of the membrane is concerned, is 
a misnomer. It has its correct application, if we employ the term in 
the sense of fungous membrane substance. We owe to C, van Wis- 
selingh (1898) the examination of about a hundred species from nearly 
all of the orders and most of the families of EUMYCETES. Wisselingh 
could detect the presence ol cellulose with certainty only in two families, 
the Saprolegniace^ and the Peronosporace^. This carbohydrate 
could not be detected either in the ZYGOMYCETALES or in any 
of the MYCOMYCETES examined, and especially was it found to be 
absent in the yeast Sacckarontyces cermsim. The researches of 
Winterstein, Gilson and Wisselingh proved that chitin formerly sup- 
posed to be of animal origin was found in the membranes of fungi, 
With the exception of the two families mentioned above, the bacteria 
and the yeasts, chitin has been detected in all other species of fungi 
examined, e.g., Mucor mucedo^ M. racewosws, nigricans^ 

PenicUlium glaucum, Trichothecium roseum, in the sclerotia of Botrytk 
cinerea and Claviceps purpurea. We do not know at present of tk 
simultaneous occurrence of cellulose and chitin in the same cell wall. 
E. Winterstein has found true hemicellulose in certain fungi and other 
chemic substances have been reported such as carbohydrates of the 
pentosan group, pectose, callose, etc. 

The outer layers of the wall, in some fungi (TREMELLACEiE) may be 
mucilaginous, so that it is resolved into a soft gelatinous mass. Lignih- 
cation has been reported in the large pileated fungi though whether 
52 
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the presence of lignin is proved thereby must remain an open ques- 
tion. Deposits and incrustations of calcium oxalate crystals are found 
in the membranes of fungi, as the spicules in the sporangial wall of 
Mucor mucedo. 

The cell contents, or protoplasm, of fungi may be divided into 
cytoplasm with its inclusions and nucleoplasm. The cells contain 
either a single nucleus {Erysiphe), two, as in ExoascuSj or several, 
as in the mycelial cells of Penicillium glaucum and Peziza convexula. 
The hyphae of many contain numerous, sometimes over hundreds 
of nuclei (PHYCOMYCETES). The structure of the nucleus in 
basidia as described by Wager agrees with that of the higher flowering 
plants. It has a nuclear membrane, nucleolus and nuclear network of 
threads coiled in a loose knot. Chromatin granules occur. The nucleus 
undergoes division either by fission, or by karyokinesis, as first observed 
by Sadebeck. Chromosomes are formed from the chromatin bodies 
when the nucleus begins to divide. A reduction of chromosomes has 
been observed by Stevens. Eats and oils are present in fungous cells 
and are found in the form of drops or globules. Glycogen has been de- 
tected in the spore sacs of the ASCOMYCETALES. Volutin is a 
name given by Meyer to a reserve substance which contained C, H, 0 , N 
and P atoms. Mannite, trehalose and glucose have been found in 
many fungi by Bourquelot. Special substances of a poisonous nature 
such as ergotin, muscarin, phalli n are of special significance in cer- 
tain fungi. 

Colors. — Full details regarding the coloring matters in fungi will 
be found in Zopf’s “Die Pilze in morphologischer; physiologischer, 
biologischer und systematischer Beziehung,” 1890. Clear bright 
colors are present in such species as Peziza aurantia, P. coccinea. 
Russula virescens, has a cap with shade of grpen lighter, or darker, in 
mdlvidual specimens. R-assuIa emetica vs red. Bine Vs live predominat- 
ing color in the genus Leptonia. Armillaria mellea has a honey- 
brown, or yellow color. The violet color of Cortinarius violaceus is 
well known. The color in a number of fleshy fungi changes when the 
fruit bodies are broken, injured or exposed to the air. This change of 
color is due to an oxidizing enzyme. The flesh of a number of species 
of Boletus changes from white or yellow to a deep indigo-blue when 
broken, or abraded. The deliquescence of species of the genus 
Coprinus, when the color changes from white to black with the melting 
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down of the whole fruit body has been proved to be a process of auto- 
digestion. When the hyphse are colored, the color is confined generally 
to the cell wall, although Biffen states that in some hyphae the color 
is located in the contents, the wall remaining colorless. Spores are 
colored frequently as in Ascoholus which grows on mahure. The spores 
at first colorless change through pale lilac to clear deep amethyst. The 
coloring matter is confined to the spore walls, but in some cases the 
contents are colored, while the wall is colorless, as in many aciospores, 


PiiYSioLOOY OF Fungi 

The research of recent years in the nutrition of fungi has shown 
that nine chemic elements are necessary for the structure and complete 
development of the true fungi. These elements are carbon, hydrogenj 
oxygen, nitrogen, sulphur, ‘phosphorus, potassium (or rubidium), 
magnesium and iron. Analysis of the ash constituents of fungi shows 
that phosphoric acid and potassium are the chief ones, the latter form- 
ing seldom less than one-quarter and sometimes one-half of the total 
Phosphorus is present in the ash to the extent of 15 to 60 per cent, 
and is eagerly absorbed by growing fungi, as is shown by Dc^daka 
quercina, which in its growth completely extracted the phosphoric 
acid from decayed wood. Winogradsky, Meyer, H. Molisch and W. 
Benecke have shown that magnesium is indispensable to fungi. Be- 
necke has demonstrated a considerable difference in development shown 
by two, otherwise equal, specimens, the one grown without magnesium 
and the other in a medium containing 0.0025 mg. of crystallized magnes- 
ium sulphate per 25 c.c. and Guenther has proved that 0.005 mg. of 
magnesium sulphate was necessary to Induce a sowing of Rhizopus 
nigricans to grow at all. 

As to iron, as an indispensable element before the matter was put 
to the test, it was thought that fungi being chlorophyUess did not 
require iron like the green plants in which iron was concerned in the 
formation of chlorophyll. The experiments of Hans Molisch tend to 
prove the essential importance of iron in the nutrition of the true fungi 
for in presumably iron-free cultures, the spores of Aspergillus 
did not develop beyond the formation of a sickly mycelium. Similar 
results were obtained with sowings of pressed yeast cells, spores of 
Mucor racemosus and a species of Penicillum. Iron in addition to 
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being a nutritive material also acts as a stimulant. The position of 
^ulphur, as an important nutritive element, is doubtful. It is inferred 
I hat because this element forms an important constituent of the albu- 
minoids, that it is, therefore, essential to fungi, but there are no re- 
liable experiments which prove that to be so. Awaiting more detailed 
investigations, sulphur has been included in the above list of nutri- 
tive elements. The source of the C, H, and 0 which form such an 
important part of the food of fungi is the dead or living bodies of other 
plants and animals, principally plants in which are. found sugars, 
starch, cellulose, mannite, citric acid, and other bodies of organic origin. 
The source of nitrogen is similarly from soluble nitrogenous bodies, 
peptones, propylamin, asparagin and others, but few if any of the 
higher fungi can utilize free atmospheric nitrogen, as can the bacteria 
which form the nodules on the roots of leguminous plants, described in 
a former section of this book. The various culture media on which 
bacteriologists and mycologists cultivate successfully a large series of 
bacteria and fungi will be considered in a subsequent chapter. Modern 
research along the lines of technique has demonstrated many im- 
portant points about the growth and nutrition of the higher fungi 
and these will be discussed, as we proceed to the end of the book. 

The chemic investigation of the fungi began with the refinements 
in the technique of modern organic chemistry and much has been pub- 
lished on the subject, so that there is a bibliography too voluminous to 
give. Much of the most important chemic work on fungi published 
prior to 1890 will be found in Zopf’s “Handbook.” No general work 
this kind has recently appeared, so that we must depend on recent 
(original papers on the chemistry of fungi, and in part on the statements 
if Zopf’s great book. The following inorganic elements have been 
found in fungi: chlorine, sulphur, phosphorus, silicon, potassium, 
sodium, lithium, calcium, magnesium, aluminium, manganese and 
liron. Manganese has been found in the cap of Laciarius piperatus. 
Aluminium has been reported as occurring in the ash of lichens. The 
mean of a number of analyses^ of mushroom {Agaricus campestris), 
truffle {Tuber)^ Morchella esculenta^ two other species of Morchella^ 
qiecies of Boletus, djid Polyporus officinalis is as follows: potassium 45 
per cent., phosphoric add 40 per cent., magnesia 2 per cent,, sodium 
14 per cent., calcium 1.5 per cent., iron oxide i per cent,, silicic add 
’ZopF, Wilhelm: Die Pilze: u8. 
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I per cent., sulphuric acid 8 per cent, chlorine i per cent. The organic 
compounds of the carbohydrate group found in fungi are cellulose, 
grape sugar, glycogen and kinds of gums, mannit, inosit, and several 
other less important ones. The organic acids include oxalic, malic, 
acetic, citric, formic, lactic, helvellic, and propionic acid, as well as other 
less well-known acids. 

Fats and oils are often present as reserve substance in many repro- 
ductive spores, as in oospores, zygospores, ascospores, and the like, 
Large quantities arc also often present in the mycelium, as in Lactarim 
deliciosus, which contain 6 per cent. ($.86 per cent). Fat is, as a rule, 
not entirely absent from any species of fungus. Fliickiger gives the 
fat content of the sclerotium of Claviceps purpurea as 35 per cent. The 
mushroom A^aricus campestris has 0,18 per cent, and Helvella esctdenla 
1.65 per cent. 

Resin occurs in fungi in the form of excretions, partly as infiltra- 
tion of the cell walls, partly as contents of the living cells. The intense 
orange-yellow color of the caps and stipe of the Agaricus (Pholioia) 
spectabilis, according to Zopf, as also the pale yellow of the gills and 
the flesh of cap and stipe together with the ochre-yellow color of 
the masses of spores is due to the presence of a resin acid which is 
present as a hyphal cell content. Pigments of various kinds classified 
by Zopf are also found. Besides the important substances mentioned 
above, chemists have found coniferin, muscarin, trimethylamin (spores of 
Tilletia caries), ergotin, choUn, phallin, cholesterin. Several of these 
will be discussed in connection with the poisonous or non-poisonous 
character of certain of the fleshy fungi. 

Enzymes leavened, from ^v, in. and ^vfxr), leaven, a term 

first suggested by Kiihne for an unorganized ferment). — The study of 
the ferments, or enzymes, of the fungi and higher plants has thrown a 
flood of light upon their metabolic activity, for enzyme action is the 
strategic center of vital activity. Pasteur emphasized the role of micro- 
organisms as ferment producers, and that led to the classification of 
ferments into organized and unorganized. Since Buchner discovered 
zymase, ferments have been divided into endocellular and extracellular. 
Endocellular enzymes as those which cannot diffuse out of the cell, 
such as zymase, while extracellular enzymes are those which are capable 
of diffusion out of the cell, such as invertase. Hepburn defines an 
enzyme as a soluble organic compound of biologic origin functioning 
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as a thermolabile catalyst in solution. In connection with this defini- 
tion, it is important to know that a catalytic agent is one which alters 
the rate of a reaction without itself entering into the final product 
(Ostwald, 1902), or which does not appear to take any immediate part 
in the reaction, remains unaltered at the end of the reaction and can 
be recovered again from the reaction product unaltered in quantity 
and quality. 

Enzymes differ from ordinary inorganic catalysts in their sensitive- 
ness to heat and light. They are destroyed at 100'^ C., and most of 
them cannot be heated safely above 60*^ C.^ The velocity of the 
reaction increases with a rise of temperature up to an optimum and 
as the temperature is increased above the optimum the enzyme is 
permanently inactivated. Enzymes retain activity even after ex- 
posure to action of liquid air. Light in its ordinary form in the pres- 
ence of oxygen and ultraviolet light independent of oxygen are de- 
structive to enzymes. Again, enzymes possess most of the important 
properties of colloidal solutions, such as their non-diffusibility. They 
are soluble in water, in dilute salt solutions, or in glycerin. They 
exhibit the phenomenon of adsorption. . 

An important discovery has recently been made which has thrown 
considerable light on the activity of enzymes, and that has been the 
stimulation exercised by certain substances which have been called 
activators and the inhibition exercised by other substances, which have 
been called paralyzers. The activators are in some cases simple chem- 
ical substances, such as acids, alkalis and salts, or they are complex 
Ijodies of unknown chemic character, but they have this in common that 
they can be separated from the enzyme by dialysis, and are not de- 
stroyed by heating. An enzyme may be rendered inactive by the 
removal of its activator, but it can be restored to activity by mixing 
again with this substance. In the case of some enzymes, the inactive 
substance, as it is formed in a cell may be called a zymogen, or profer- 
menl, but when associated with the activator the active enzyme is 
developed. An activator is inorganic. A kinase is a more or less 
complex organic body which activates a preferment. 

Substances which reduce, or destroy, the activity of enzymes are 
called paralyzers, which may be formed as procfucts of enzymatic 

^Haas, Paul, and Hill, T. G.: An Introduction to the Chemistry of Plant 
i'roducts. 1913: 340-341. 
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activity or be foreign substances. Acetic and lactic acids formed by 
enzyme activity will destroy the ferments producing them unless 
neutralized. Among foreign substances which act as paralyzers 
may be mentioned formaldehyde, mercuric chloride, alcohol, chloro- 
form and hydrocyanic acid. Anti-enzymes are a class of substances, 
which are antagonistic to the action of enzymes. The distribution of 
the enzymes in the various groups of fungi including the slime moulds, 
bacteria and true fungi have been investigated by a number of zymolo- 
gists. For example, Monilia sitophila may form maltase, trehalase, 
raffinase, invertase, cytase, diastase, lipase, tyrosinase and trypsin. 
Dox^ has demonstrated in moulds, the following: protease, nuclease, 
amidase, lipase, emulsin, amylase, inulase, raffinase, sucrase, maltase, 
lactase, histozyme, catalase and phytase, and he has found that these 
enzymes are formed regardless of the chemic character of the substratum. 
Without going into all the details of the occurrence of enzymes in the 
fungi, the following classification of the principal enzymes found in the 
various groups may prove useful to the student. 

Classification of' Enzymes in Fungi 
I. HYDROLYTIC ENZYMES. 

(a) Carbohydrate- SPLITTING enzymes (carbohydrases) : 

Amylase, or Diastase, which hydrolyzes starch to dextrin and 
maltose. The Koji fungus, Aspergillus oryzece (Taka-diastase). 
Cytase, which hydrolyzes hemicellulose to galactose and mannose 
in Botrytis. 

Inulase, which hydrolyzes inulin to levulose. 

Imertase, which hydrolyzes cane sugar to dextrose and levulose. 
SacclMirom>jces, Fusamm, Asjjergillus uiger. 

Lactase, whi'ch hydrolyzes lactose (milk sugar) to dextrose and 
galactose. Kephir organism. 

Maltase, which hydrolyzes maltose (malt sugar) to dextrose, 
Saccharomyces octosporus. 

Rc^nase, which hydrolyzes raffinose to levulose and meliliosc. 
Aspergillus niger. 

Trehalase, decomposing trehalose into a reducing sugar. Poh 
porus sulphureus. 

^ Dox, A. W. : Enzyme Studies of Lower Fungi. Plant World, 15 : 40, February 
1912. 
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{b) Protein-splitting enzymes (proteases): 

Pepsin^ which hydrolyzes proteins to albumoses and peptones. 
Trypsitij which hydrolyzes proteins, to peptides and amino- 
acids in Amanita muscaria and Boletus edulis. 

(c) UrEA-SPUTTING ENZYMES (UREASES): 

Urease obtained from Micrococcus urea, which hydrolyzes urea 
into ammonia and carbon dioxide. 

{(f) Nuclease, which splits nucleic acid. 

(c) Fat-splitting enzymes (esterases and lipases) : 

Lipase in Penicillium glaucum and AspergiUus niger, also 
Empusa, P ky corny ces, which break up fatty^oils. 

(/) Glucoside-splitting enzymes: 

Emuhin, which hydrolyzes amygdalin to glucose, hydrocyanic 
acid and benzaldehyde. Also such other glucosides as salicin, 
populin, coniferin which fungi are able to utilize. 

FERMENTING ENZYMES. 

(d) AlcohoUc fermentation of glucose, levulose, mannose, etc., by 
zymase in yeasts. 

{b) Lactic acid fermentation of lactose by lactic acid bacteria. 

(c) Butyric fermentation of lactose by the butyric acid bacteria. 

Clotting Enzymes (Coagulation, Curdling). 

Rennin (Chymosin), which curdles milk. Bacillus mesentericus 
vulgatus, 

OXIDIZING ENZYMES. 

(a) Oxidases, which oxidize akohoVs to adds, e.g., the action of 
My coderma aceti, etc. 

{b) Tyrosinase. Russtda nigricans and species of Boletus, Lacta- 
rius, etc. 

(c) Peroxidases, which set free oxygen from hydrogen peroxide, 
causing this substance to blue guaiacum resin. 

{d) Catalase, which decomposes hydrogen peroxide with the 
evolution of molecular oxygen. 

In concluding this brief study of the enzymes it may be stated that 
hey can be detected by chemic, bacteriologic, serologic and histologic 
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means. Details of the occurrence of the above enzymes will be found 
in the books noted in the footnote below.* 


CHEMOTAXIS 

The attraction or repulsion of motile microorganisms by chemical 
stimulants known as chemotaxis is found in the activity of the zoospores 
of the OOMYCETALES and in the growth of the hyphae of fungi in gen- 
eral toward or away from the stimulus. To these phenomena the names 
of positive and negative ckemotropism have been given. The thorough 
investigations of M. Miyoshi with Aspergillus niger, Mucor mucedo^ 
Penicillium glaucum, Phycomyces nitens, Rhisopus nigricans have shown 
that the following substances act as powerful stimulants: ammonium 
phosphate, asparagin, dextrin, saccharose and glucose. The threshold 
value (marginal limit) or minimum quantity capable of producing a 
chcmotactic effect was ascertained by Miyoshi as o.oi per cent, in 
the case of glucose acting on Mucor mucedo. On gradually increasing 
the dose, a second limit is reached where repulsion occurs. The 
entrance of fungi into leaves and the growth of hyphae along certain 
lines inside of the host tissue and the formation of haustoria are per- 
haps all indications of chcmotropic response. 

^Bayliss, W. M.: The Nature of Enzyme Action (Monograph on Biochem- 
istry). Longmans, Green & Co., 1914. 

Green, J. Reynolds: The Soluble Ferments and Fermentation. Cambridge 
at the University Press, 1899. 

Haas, Paul and Hill, T. G, : An Introduction to the Chemistry of Plant Prod 
ucls. London, Longmans, Green & Co., 1913. 

Harden, Arthur: Alcoholic Fermentation (Monograph on Biochemistry). 
London, Longmans, Green & Co., 1914. 

Lafar, Franz, transl. by Salter, Charles, T. C,; Technical Mycology, ii, 
Pt. I : 61-65. 

Marshall, Charles E. and others: Microbiology. Philadelphia, P. Blakiston's 
Son & Co., 1911 

Oppenheimek, Carl: Die Fermente und ihre Wirkungen. Leipzig, 1903. 

Vernon, H. M. Intracellular Enzymes. London, John Murray, igo8. 
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GENERAL PHYSIOLOGY OF FUNGI 

The influence of light on the development of the EUMYCETES 
has been investigated by a number of workers. The influence of light 
on the direction of growth is known as phototropism. On account of 
the contradictory evidence of earlier investigations, Friedr. Oltmanns 
experimented with Phy corny ces nitens using a powerful electric arc light. 
He found that Phycomyces behaved positively phototropic under weak 
illumination, but negatively so under a powerful lightt It remained 
aphototropic with an intermediate iliumination, and in young sporangial 
hyphae with gray sporangia, a given degree of illumination caused 
attraction, while with older sporangiophores with blackened sporangia 
repulsion was noticed. The germination of the spores of such fungi, as 
Penicillium glaucum, Trickothecium roseuMj Fusarium heterosporium, 
Rhizopus nigricans, does not seem to be affected by light; while 
von Wettstein found that light retarded the germination of the spores 
of Rhodomycts Kockii. The evidence as to the influence of light on 
the vegetative development seems to be contradictory. J, Schmitz 
found that Sphceria carpophila grew better in the dark than in daylight. 
G. Winter found Peziza Fuckeliana to cease growth in the dark and the 
fungus perishes if light be long excluded. Mac DougaP experimented 
with Coprinus stercorarius. He found that it developed a much greater 
length than the normal in darkness, but the fruit bodies remained in 
a rudimentary .or incomplete stage. After growth had proceeded in 
this manner for some time the illumination of the body was followed 
by the production of fruit bodies in a manner demonstrating most 
conclusively that the action in question was due to a purely stimula- 
.tive action of light, since the rays did not participate in any synthesis 
of material. 

The rate of cell reproduction does not seem to be influenced by the 
presence or absence of light. In many fungi, the formation of a 

' Mac Dougal, D. T. : The Influence of Light and Darkness upon Growth and 
Development. Memoirs of the New York Botanical Garden, ii (1903: 279). 
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fructification does not seem to be affected by the light conditions, 
but here the evidence is contradictory, some fructifications being 
formed’ better in light than in the dark-and vice versa. Kolkwitz after 
eliminating various sources of error of earlier experimenters found 
that in his cultures of Aspergilljis niger and Oidium lactis that t:on- 
siderable acceleration of respiration is experienced with a brief illumina- 
tion by a powerful electric arc. Koernicke^ finds that Roentgen rays 
inhibit the growth of fungi with prolonged action. 

Luminosity oj Fungi: — The luminosity of wood and decaying logs 
in the forest is associated with the mycelia of certain fungi. The 
phenomenon is connected frequently with gill-bearing fungi, such 
as AgarkuSf Ar miliaria mellea, Pleurotus olearius, and as determined by 
Molisch with the two ascomycetous fungi, Xylaria hypoxylon and X. 
Cookei, In order to prevent any error arising in the experiments 
through the presence of luminous bacteria, Molisch^ grew Ar miliar k 
mellea, Xylaria hypoxylon, X. Cookei, Mycelium X. in pure cultures, 
the latter succeeding well on bread. He found that under such con- 
ditions the plants became phosphorescent. Such phosphorescence 
is connected with a supply of oxygen and is not due to the separation 
of some luminous substances, but is intracellular in its origin. 

Liberation of Spores. — The spores of the gill fungi (HYMENOMY- 
CETES) are very adhesive, when freshly set free. As a result of 
this, special arrangements are found for the liberation of the spores 
from the surfaces of the gills and the hymenial tubes. Paraphyses 
between the special conidiophores known as basidia serve to increase 
the spaces between the spores, preventing contact and allowing a 
freer fall of the spores. The arrangement of the gills is such as to 
economically increase the spore-bearing surface, and, therefore, the 
total number of spores that a fruit body can produce. By various 
growth movements of the cap and fruit stalk, the spore-bearing sur- 
face is placed in the best possible position for the liberation of spores. 
The spores Uberated from the gills on the under surface of a pileus 
placed over a horizontal sheet of paper fall vertically downward and 
form a spore print, which consists of radiating lines corresponding to 
the inter-lamellar spaces. The number of spores set free by large 
fruit bodies is prodigious. A specimen of the mushroom Agaricus 

^ KoEitNiCKE, Max: Ber. d. deutsch. Bot. Ges., 1904: 22, 148, 

* Molisch, Hans: Leuchtende Pflanze, 1904: 25-46. 
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{PsaUiota) campfistris with a diMeter of 3 cm. produced 1,800,000,000 
spores, -one ol Coprinus conuUus 5, 000, 000, ooo'^ and one oi Polyporus 
squamosus 11,000,000,000 spores, Buller has estimated that a large 
fruit body of the giant puSball Lycoperdon bovista (40 X 2^ X 20 cm.) 



Fig. 17, — Diagram of the discharge of spores from a fruit-body of Polystiatis 
versicolor as seen by a beam of light. A stream of spores is carried round vrithJn 
the beaker slowly by convection currents. Reduced about 2/3. {After BvlUr : 
Riieorckes on Fungi, tgog: 

oOQtained 7,000,000,000,000 spores, as many as 4000 mushrooms 
:)f the size above mentioned. 

Spores dropping from any fruit body which is suspended in a 
dosed glass chamba: can be seen in clouds, or individually, without the 
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microscope by concentrating a beam of light upon them (Fig. 17). 
This is a simple method of examining the discharge of spores from the 
mushroom. It can be used conveniently with the xerophytic fruit 
bodies of LenzUes beiulina^ PolysHctus versicolor^ SchizopkyUum com- 
mune at any time in the laboratory by keeping them dry for months 
and reviving them by placing them in a jar with wet cotton. They 
quickly revive and begin to shed their spores in six hours and this 
discharge continues for some days. 

Ordinarily, spore discharge from any fruit body is a continuous 
process, but if placed in hydrogen, or carbon dioxide, the liberation of 
spores ceases quickly, demonstrating that oxygen is necessary. Ether 
and chloroform act similarly to the gases above nientioned. The 



Pig. 18. — The successive aad violent discharge of the four spores from the basid- 
ium of a mushroom Agaricus (Psalliota) campestris. X, The basidium with four 
ripe spores; A, B,C, D, successive stages of the discharge of spores i, a, 3, 4 respec* 
lively . {After Buller, Researches on Fungi, ipop: 144.) 

special conidiophore, or basidium, usually bears four spores which are 
discharged successively, each spore being shot out violently by the 
pressure of the cell sap upon the wall of the basidium and perhaps also 
on the spore wall within a few seconds or minutes of one anbther 
(Fig. 18). The rate of the fall was observed by Buller, who used a 
horizontal microscope and a revolving drum to record accurately the 
rate of their fall. The rate of fall of the spores of gill fungi ranges from 
0.3 to 6.0 mm. per second. It varies with the size, specific gravity 
and the progress of desiccation of the spores. Buller found the relatively 
small spores of Collyhia dryophila in dry air to fall at an average rate 
of 0.37 mm. per second while the relatively large spores of Amanitopsis 
vaginaia in a saturated chamber attained a speed of 6.08 mm. per 
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|second and th^ spores of tlie common mushroom shortly after leaving 
I the cap fall at the rate of I mim per second approximately. ‘ 

The violent, discharge of the spores prevents the adhesiye spores 
from massing together and from sticking fast to the gill surfade. At 
first the *spore is ^ot out horizontally, then under the influence of 
gravity, it describes a sharp curve and then falls vertically. The 
path described by the TalUng spore has been appropriately called a 



Fig. ig, — Amanitopsis vagineta. Relations of spores to the fruit-body. A, 
Transverse sectipn through two gills, h, basidia projecting, the arrows show spore 
paths (sporabola), Mago. IS; B, vertical sectloa.Q£ hymenium and subhymenium, fy 
paraphyses, a-Cy basidia stages, Magn. 370; C, isolated basidium with two basidios- 
pores; Z>, discharged spore; E, basidium. Magn,, 1110. (After Ba^r, 1909: 165.) 

sporabola (Fig. 19). There are two distinct t3T>es of fruit bodies as to 
spore production and spore liberation. These are the Coprimis contatus 
and the mushroom types. The deliquescence, or melting of the fruit 
bodies of theCoprini is a process of auto-digestion and’it assists mechan* 
ically in the discharge of the spores. Spore discharge precedes deliques- 
cence. The spores aje set free from below .upward and by auto-diges- 
ion those parts of the gill^are removed from which the spores have 
5 
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been shed, thus permitting the opening out Of the cap and the freer 
discharge of the remaining spores. The discharged spores are conveyed 
by the wind (Fig. 20). The mushroom type is the usual kind where 
the spotes are discharged without deliquescence. 

The spores of Bulgaria, GyromUra, Fesiza and others of the 
Ascomycetales are scattered by the wind, but those of Ascobolus 
immersus and Saccobolus are dispersed by herbivores. The Spores of 
Feziza repanda, according to Bullet, ^ shot up into the air to a 
height of 2 to 3 cm. and leave the spore sac {aspus) together, but 



Pic. 20. — Semidiagrammatic sketch in a field with horse mushroom, A^aricm 

(Psalliota ) arvensis, showing liberation and discharge of spores horizontally 

and free from velum. Reduced to (After BuUer, Researches on Fungi, 1909 ; 2 1 8 .) 


separate as they leave the ascus mouth. Puffing is due -probably to a 
stimulus given to the protoplasm in contact with the ^cus lid, and 
it is observed when poisonous substances are applied such as iodine 
mercuric chloride, silver nitrate, copper sulphate, sulphuric and acetic 
acids are used. With some of these forms the ascus may be considered 
as a squirting apparatus by which a jet of spores leaves its mouth. 
The writer^ noted the puffing of the spores in Feziza badia when the 
large saucer-shaped fruit bodies were held in the hand. At intervals 
of several minutes the puffing took place. 

Ascobolus immersus as a coprophilous (dung-inhabiting) fungus has 

^ Harshberger, J. W.; Joum. of MycoL, S; October, 1902. 
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special adaptations: (i) the protrusion of the ripe asci beyond the general 
surface of the fruit body; (2) the diurnal periodicity in the ripening of 
successive groups of ascij (3) the positive heliotropism of the asci; (4) 
ihe considerable distance to which the spores are ejected (sometimes 
30 cm.) with which is associated; (5) the large size of the asci and spores; 
and (6) the clinging of the eight spores together, while describing their 
trajectory through the air. The forcible explosion of the sporangio- 
phore of Pilobolus crystallinus by which the whole sporangium is dis- 
charged a considerable distance into the air is due to the tension exerted 
l>y gases and water vapor within the swollen sporangiophore. 

The escape of biciliate zoospores (swarm spores) in such'genera of 
aquatic fungi as Achlya and Saprolegnia is through a terminal pore in 
the zoosporangium. It appears that the discharge is associated with 
the motility of the cilia. In the moulds (Mucorace^), the sporangial 
wall which is coated with minute particles of calcium oxalate becomes 
soluble in water at maturity and the intersporal substance swells up 
assisting in the liberation of the spores. The entire inner peridium 
about the size of a pin’s head is forcibly ejected in the gasteromycetous 
fungus, Sph(Brobolus stellatus, and this is due to the unequal tension of 
the different peridial layers. 

The disposal of spores and conidia is facilitated by water in the 
case of the motile zoospores of such fungi as Achlya prolifera, Phytoph- 
thora infestans and Saprolegnia feraxy where cilia come into play. 
Many spores are no doubt carried passively by water currents. Wind 
is, however, one of the chief agents in the distribution of fungous spores, 
such as those of the puffballs, the rusts and the moulds, although the 
distance that such spores are carried is probably exaggerated. Flies, 
which feed upon the strong-smelling slime in which the minute spores 
of such fleshy fungi as Mutims caninuSy Icthyphallus impudicus are 
imbedded, assist in the carriage of such spores and those of ergot 
[Claviceps purpurea) in the Sphacelia stage, where viscid drops exude 
that are attractive to flies, and although some flies arekilled by it, yet 
sufficient escape to carry the spores. Slugs and snails by crawling 
alternately over diseased and healthy plants, probably disseminate 
spores. That birds serve as distributors of spores is indicated by the 
studies of Heald with the chestnut bhght fungus, Endothia parasitica^ 
iu which he found that a single downy woodpecker carried as many as 
657,000 pycnospores. Certain subterranean fungi such as truffles are 
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eaten by rodents attracted by the strong smell that they possess and 
probably the mammal is instrumental in the spread of the spores. . 

Many of the coprophilous fungi have spores which pass through the 
alimentary canals of different animals without being destroyed and 
germinating in the dung, or manure from such animals, they propagate 
the species. Piloholus crystalHnus is one of them. The sporangia, which 
are shot off from the sporangiophore, adhere to blades of grass, which 
are eaten by horses, and later the fungus makes its appearance on horse 
manure. The spores have passed through the horse apparently unaf- 
fected and more readily germinable. Man with his agricultural imple- 
ments is concerned with the spread of fungous spores. Gussow states 
that a threshing machine, which has been used for threshing smutted 
wheat, is infested so fully with spores that any grain subsequently 
threshed, unless the machine is sterilized properly after use, will 
become liable to infection. 



CHAPTER VIII 


ECOLOGY OF FUNGI 

As fungi are either saprophytes or parasites, their life history is 
bound up with the substratum on which the saprophytes are found and 
with the host plant upon which the parasite lives, yet there are many 
diverse forms of saprophytic fungi and the greatest variety of fungous 
parasites. Of special interest in connection with the ecology of fungi 
are the organs by which various fungi are tided over periods of drought, 
inclement seasons, or during the winter’s cold. These organs are 
compacted masses of hyphse of a rounded, globular, or ellipsoidal form 
ranging in size from those that are almost microscopic to those which 
are the size of a small canteloupe. These tuber-like masses of bypjiae 
in a resting state are known as sclerotia (Gr. o-yX/ipos, hard). They 
are found in a great many fungi, as commonly in the ergot, Claviceps pur- 
pure^f^d the lettuce drop, Sclerotinia lihertiana, which forms sclerotia 
that may reach a length of 3 cm. in exceptional cases. These sclerotia 
are obtained readUy in culture tubes with beerwort agar, or glucose agar, 
as culture media. From the sclerotium later arises the stalked fruit 
body, or apothecium. Cordyceps militaris is a fungus which attacks 
the larva of insects. Its mycelium penetrates the insect’s body and 
later in the Isaria form produces aerial hyphae which cut off conidio- 
spores. The growth of the mycelium is such as to penetrate to all parts 
of the larva filling it up as if it were stuffed with cotton. 

The mass of hyphse is converted into asclerotiumand the larval body 
is mummified, but still retaining its original external form. Later, the 
next spring, a stiff-stalked stroma arises with an enlarged extremity in 
which the perithecia with their asci- and ascospores are formed. Later 
the needle-shaped ascospores are set free and by cutting off conidio- 
spores reproduce the disease, Cordyceps (Torrubia) ophioglossoides is 
parasitic upon an underground truffle, Elaphomyces muricatuSy Fig. 
21). The stroma is erect, yellow and club-shaped 'at the extremity. 
Verithecia, asci- and ascospores are borne in the swollen part of the 
stroma. The fungus which discharges its spores above ground finds the 
69 




Fjc. 21. —A Cofdyceps B, Cordyceps HugelU on a caterpilJar; D, Cordy- 

ceps sphcarocephala on a wasp; E, Cordyceps cinerea on a beetle; F-K, Cordyceps 
ophio^lossoides, i? on a deer truffle; G, ascus; H, conidiophore; J, conidiospores; K. 
germinating spore. See Die nalurlichen Pfianzenfamilien I. i, p, 368. 
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underground truffle in the following manner. When the spores germi- 
nate, they give rise to hyphae which grow over a densely cespitose, com- 
mon moss, Mnium hornum^ which develops a large number of feeding 
rhizoids, that ' penetrate the soil to the depth at which Elapkomyces 
grows. The mycelium of Cordyceps not only covers the aerial portions 
of the moss, but follows the rhizoids underground until they reach the 
underground truffle over which the moss may happen to grow. Bot- 
anists searching for Elapkomyces always know where to look for it by 
the presence of the Cordyceps h3^hae, on the moss Mnium kornum. 
There is a black beetle, a native of France^ with a pale, velvety abdo- 
men, known as Bulboceras galUcus, about as large as a cherry stone. By 
rubbing the end of the abdomen against the edge of the wing cases it 
produces a gentle chirping sound. The male has a horn on his head. 
This insect burrows in the soil among the trees of the pine forests and is 
nocturnal in its habits. It descends vertically into the soil in search 
of the underground truffle-like fungus, Eydnocyslis aremria, upon 
which the insect rabassier feeds. The fungous fruit body is about the 
size of a cherry with a reddish exterior covered with shagreen-like warts. 
The beetle, which feeds upon Hydnocystis arenaria and Tuber Requenii 
one of the truffles, locates the fungi by a subtle sense of smell. The 
human truffle hunter finds these underground by the burrows which 
the beetles make in digging for their chief source of food and he usually 
finds groups of these fld'shy funguses directly beneath the openings of 
khe beetle holes. 

Roziks gon^lophora is a gill fungus which is raised as a fodder by 
caf-outting ants in their subterranean passageways in the tropics of 
muth Brazil. 

On a visit to the Berlin Botanical Garden in i8g8, the writer noted 
Lhe following remarkable examples of sclerotia-bearing fungi: Poly- 
porus sapurema A. Moller (Fig. 92, Teil I, Abt. i**, Die naturlichen 
Pflanzenfamilien, p. 171). The sclerotium is over 30 cm. in diameter 
and weighs at least 20 kg. It is furrowed and roughened and leather 
colored, A specimen from Blumenau, Brazil, developed in the Victoria 
house of the Berlin Garden four large pilei in August and September, 
1897. Polyporus mylitta found in Australia produces a sclerotium 
{Mylitta australis Fr.), which as “native bread”, is used as food 
by the natives. Polyporus tuber aster ^ which grows in the mountains 

^ Fabee, F. H.: Social Life in the Insect World, 1912 217-237, 
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of Italy, develops a large edible sderotium called by the nativi-ii 
pietra Jun^osa, The sderotium of Polystictus socer (Fig. 94 A, Teil I, 
Abt. I**, Die naturlichen Pfianzenfamilien, p, 177), known as 
Pachyma rmlacense, is of variable shape, 8 to 10 cm. long, brownish red 
externally with a white interior. It is found in the Malay Archipelagu. 
These are a few of the true sderotia which probably includes the 
“tuckahoe” of the North American Indian, Pachyma cocos. 

Living on limbs, twigs and the leaves of the beech in the deep 
shade of the forest is found a scale insect {Schizonema imbricator),^ 
which is covered by a woolly coat consisting largely of a waxy secretion 
from the body. This woolly material is quite abundant and where the 
insects live in masses together the entire limb, or leaf surface has a 
downy white appearance. The abdomen of the insect moves con- 
stantly with a jerky motion and the cottony material is, therefore, 
constantly agitated. The insects secrete a honey dew so copiousW 
that it runs down to the leaves beneath and to the ground. Upon this 
honey dew and the dead bodies of the scale insect, a pyrenomycetous 
fungus, Scorias spongiosa, lives. It grows as a spongy mycelium con 
sisting of much-branched, rigid, septate hyphse with the strands glued 
together by a mucilage. Pyriform perithecia, long-necked spermogonia 
and pycnidia are formed from the mycelium, which is saprophyti( 
on the products of the insect’s body. , 

The anther smut of the caryophyllaceous flowers occurs in Americi 
and Europe on Cerastium viscosum, Saponaria officinalis and SUem 
injlata, and on species of Dianikus, Lychnis, Melandrium, Stellarid 
etc. The spores of this smut replace the pollen grains in the anther; 
of these plants and when the flowers open a violet smut dust is dis 
charged from the anthers instead of the pollen. Female flowers ol 
Meiandrium attacked by the fungus show a marked morphologic 
differentiation in the development of mature stamens out of staminai 
rudiments. These anthers are invaded by the fungus and in them the 
parasite fructifies. 

The formation of galls fs a marked feature of the ecology of fungi. 
One form of these malformations is seen in the witches’ broom (hexen 
besen) which arc due to the attack of a number of species of Exoaseni 
on different forest trees. The branchlets are clustered into broom-like 
masses with leaves that are somewhat altered in shape and fall earlier 
iHarshberges, J. W.; ]ouin. of Mycol, 8: 160, October, 1902. 
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ban those on normal twigs. Witches' brooms are found on such conif- 
?rous trees as the white cedar in New Jersey and are due to Gymno- 



Flc,. 22.— Black knot of plum, Plowrightia morbosCt on beach plum, Prunus marilima 
Nantucket, August 37, 1915. 

Sporangium ElHsii, a rust fungus. These malformations occur on the 
hackberry, but on this tree they are. due to the attack of a mite Phy- 
followed by a fungus. Plum pockets are a form of gall in which 
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the fruit is enlarged by the attack of the fungus at the expense of the 
stone which fails to develop. The hollow galls on the plum are due to 
Exoascus prmi. The so-called cedar apples on our red cedar trees in 
the spring are caused by the attack of an annual rust fungus, Gym- 
nosporangium juniperi-virginiana, and from the surface of these 
apples two-celled spores arise. The white rust of cruciferous plants, 
Cystopus candidus, produces blisters on the leaves and stems of shep- 
herd’s purse. The black knot of the plum is a tumor-like swelling of 
the branches of plum trees due to the attack of an ascomycetous fungus, 
Plowrightia morbosa (Fig, 22). Large swellings on oak trees the size of 
a man’s head and over are caused by a fungus, Diachana strumosay and 
some of these swellings may be the size of a large pumpkin. Galls due 
to insects are frequent on plants, but a discussion of them is extralimital 

According to conditions of environment, we may briefly treat of 
fungi as hygrophytic, mesophytic and xerophytic forms. The hygro- 
phytic forms include the aquatic fungi, such as AcUya^ Mono- 
blepharis, Saprolegnia and other genera which live and carry on 
their reproduction in water. Perhaps to this group would belong 
a fungus of the genus Cyllam, which was found by Darwin in the 
beech (Nothojagus) forests of southern Patagonia. The beech trees 
grow in cold, wet valleys completely barricaded by great moulder- 
ing trunks oi former beech trees on which the globular, bright yelloif 
fructification occurs and which is eaten by the Fuegians. 

The mesophytic forms include many of the common fleshy gil 
fungi that live in our woods and forests, appearing in surprisingly grea 
numbers after a spell of wet weather. Here we might include specie 
of Amanita, Soletus, Russula, and Clavaria and others which are no 
infrequent, while in our meadows occur mushroom and coprini. Thre 
conditions seem favorable to their growth: abundant leaf mould 
warmth and abundant moisture. 

The habitats of the fleshy fungi are of general interest. CoUyhi 
platypkylla develops its fruit bodies on the shaded side of decayin 
logs. The fairy-ring fungus, Marasmius or cades (Fig. 23) produces it 
sporophores in lawns in the form of rings long known as fairy ring 
Frequently grassy spots are enclosed by the circle of toadstools whic 
are several feet in diameter. The fruit bodies of PhoHota adipos 
(Fig. 24) grow from wounds in living trees. 

In forest operations the slash, when scattered, rots more rapidl 
than when piled. This is due to the fact that two types of fun; 
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i) e active in rotting the brush, one set entering the limbs and branches 
ibove the ground and the other gaining access to the brush actually 
n contact with the soil. Brush is rotted at the top when piled 
svith one group of fungi and at the bottom by another group, while 
[he middle of the pile, not in contact with the soil and yet protected 
trom the sunlight, apparently will not rot to any extent until the 



Pig. 23. — Fairy ring formed by Marasmius oreades, an edible toadstool. (From 
IPiley, Foods and Their Adulkration. After Covilk, Circular 13, Division of 
Snlany.' 


nle disintegrates sufficiently to expose these central layers to the 
ioil moisture on the one hand, or to the sunlight on the other, 
four fungi cause rotting of oak slash in Arkansas, viz., Stereum 
'ameale, 5. umbrinutn^ 5. versiforme and S. fasciatum. Two fungi are 
■esponsible for the decay of short-leaf pine slash. They are Lenziks 
^epiaria and Polyslictus ahietinus} 

The xerophytic forms are those which have corky or leathery fruit ' 

' l.ong^ W . //.; Investigation of the Rotting of Slash in Arkansas. U. S. Dept. 
Agric. Bull. 496, Feb. 16, 1917: also Humphrey, C. J.: Timber Storage Conditions in 
’he Eastern and Southern States with Reference to Decay Problems Bull, 510, U. 
o. Dept. Agric., May 17, 1917. 
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bodies growing on sticks and logs where they can dry up without any 
loss of vitality. They revive after a rainfall and resume the function 
of discharging spores and the discharged spores are capable of germina- 



FiG. 24 . — Pholiola adiposa growing from a wound, in a living tree (edible). 
(After Patterson, Floraw and Charles, Vera K., Bull. 175, V. S, Dept. Agric., Apr\2'^. 

1915-) 


tion. Dcsdalea (Fig. 202), FolysUclus and Skreum are typical genera of 
the xerophytic log flora. Buller^ describes the fruit bodies of Schizophyl- 
lum commune as possessing special adaptations for a xerophytic mode of 
* Buller, a. H. Reginald: Researches on Fungi, 1909: 264. 






Fig. 25, — Schizophyllum commune, a xerophyte. A aad B, fruit-bodies seen 
rom above growing on wood, natural size. C and D, two fruit-bodies seen from 
lelow and in section; about twice magnified; E, section through pileus in wet weather 
bowing gills split down their median planes; F, section of a dry pileus; E and F 
ibout 12 times natural size, (after Buller, Researches on Fungi, 1909: 114.) 
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existence (Fig. 25). “The gills are partially or completely divided 
down their median planes into two vertical plates. While desiccation 
is proceeding, the two plates of each of the longer and deeper gills beiK] 
apart and spread themselves over the shorter and shallower gills. 
When desiccation is complete, the whole hymenium is hidden from 
external view and the fruit body is covered both above and below with a 
layer of hairs (Fig. 25). The closing up of the fruit bodies at the 
beginning of a period of drought serves to protect the hymenium. A 
fruit body which retains its vitality even when dry for two years will 
revive again in a few hours and spores are discharged” (Fig. 25). 

As it is not the purpose of this book to consider the so-called Kchens 
in the classification which follows as distinct entities in which the 
lichen fungus and the lichen alga are in symbiosis forming a 
lichen thallus, it is important to describe the ecology of the actual 
relationship of the two plants to each other, as a matter of botanic 
interest. Danilov, Elenkin, Peirce and Fink have shown that -the dual 
hypothesis, or that of mutualistic symbiosis, is untenable. A lichen 
is a fungus belonging to the orders ASCOMYCETALES, or BASIDIO- 
MYCETALES, which lives during all or part of its life in parasitic 
relation with an algal host and also sustains a relation with an organic 
or an inorganic substratum. Having squarely assumed this position 
as to the true nature of what currently passes for a lichen, it is interest- 
ing to note that there are ten algae known as lichen hosts: Chlorococcm 
[Cysiococcus] humicola, Palmella botryoideSf Trentepohlia {Chrookpus] 
umbrina, Pleurococcus vulgaris, Dactylococcus infusionum, Nostoc Uckm- 
aides (?), Rhularia nitida, Poly coccus puncHformis, Gleocapsa poly derma- 
tica and Sirosiphon pulvinatus. It is important to note, that althougli 
the larger number of the above are blue-green algae, yet the two species 
of green algae. Chlorococcum humicola and Trentepohlia umbrina form 
the hosts of many more lichens than all the others combined. Hence 
the student of these plants can study the algicolous fungi, mainly 
ASCOMYCETELES, a few EASIDIOMYCE TALES, those parasitic 
upon algae, as the lichens, while the non-algicolous fungi can be over- 
looked by the lichenologists. We can do no better than quote Bruce 
Fink,^ who sums up the main arguments against mutualism and tbe 

LFink, Bruce; The Nature and Classification of Lichens. I. Views and Argu- 
ments, Mycplogia, iii: 231-269, September, 1911 ; II. The Lichen and its Algal Host, 
Mycologia, iv: 97-166, May, 1913. 
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ulvocation of the fui^al nature of lichens, as follows: ^‘Lichens com- 
nonly grow where ^ere are free algae of the same spedea as those 
)arasitized ly these lichens. The spores of the lichens- germinate and 
ittack the free sdgae as otdier fungi attack their hosts. Lichens perform 
ike other fungi on culture media and may be made to produce their 
Reproductive organs on ^ese media. Lichen spores adso attack the 
ilgal hosts, when the spor^ and the algae are introduced^nto cultures 
together; and the resulting lichen is normal and sometimes fructifies 
n the cultures.. Algal hosts extracted from lichen thalli grow in cul- 
tures like free . algae of the same species grown on similar culture 
media. The researches of Elenkin and Danilov prove that- lichen 
lyphae absorb food from the algal host cells, which are killed by 
severe parasitism, or more probably by paraisitism and sapr6ph3rtism 
:ombined. The relation of the lichen to its substratum proves that 
tiigher Hchens can take comparatively little food from it and must 
depend more than lower lichens upon the algal hosts; and this shows 
that the parasitism of the lichen upon the algal host has become more 
severe in the evolution of the higher lichens. Finally, the algae para- 
sitized by lichens are in a disadvantageous position with reference to 
:arbon assimilation. 

“Lichens are like other fungi with respect to vegetative structure 
ind fruitingbodies. The bridge which connect lichens with other fungi 
ire not few, but many. Since it is thoroughly demonstrated that the 
lichen is paraisitic, or partly parasitic and partly saprophytic " on the 
ilga, there is no longer even a poor excuse for a * consortium’ or an 
'individualism’ hypothesis. 

“The parasitism of lichens on alg® is peculiar in that the unicellular 
or the filamentous hosts are enclosed usually by the parasite, which 
carry more or less food to the host. The host inside of the parasite is 
placed in a disadvantageous portion with reference to carbon assimila- 
ion and may depend, for its carbon supply, more or less upon material 
)rought from the substratum by the parasite. Some algal individuals, 
lot yet parasitized, may be found in most Mchen thalli.” 

Lichen thalli are of three kinds: austaceous, foUose and fruticose. 
The arrangement of the layers of the lichen fungus and its algal host 
trades in different Uchens, but in Sticta the following are met in a ver- 
tical section of the thallus (Fig. 26) : 

(«) Tegumentary layer. 






Pig. a6. — A fpHaceous lichen, Parmdia ferlata. i. Plant slightly reduced in 
1^; a, apothccia; lobe of thallus; c, patchy of soredia; 2, loogitudi^ section of 
apothecium and crosa-section of thallus; a, ascus; b, c, hypothedum; d, upper gonidial 
(upper algal) layer; #, medtillary layer;/, lower gonidial layer; g, lower cortical layer: 
X, 3. cross-section of vegetative thallus, (Froth Gager. AfUr Schmeider.) 


ECOLOGY OP FUNGI 8l 

(/>) Upper cortical layer. 

(c) Algal layer (gonidial layer). 

(d) Medullary layer. 

{e) Lower cortical layer. 

The tegumentary layer consists of several rows of flattened hyphal 
cells extending at right angles to the underlying cortical cells which 
consisting of hyphal cells are pseudoparenchymatous, resembling the 
parenchyma tissue of higher plants. The algal layer contains the- 
gonidia, or green plants, which act as hosts to the fungous hyphae. The 
medullary layer which is thicker than the others consists ol much 
elongated hyphae forming a loosely interwoven tissue with large air 
spaces. The lower cortical layer is pseudoparenchymatous and from its 
lower surface rhizoids are developed. The apothecia and perithecia 
are the fruit bodies of the ascomycetous fungi which form the lichens. 
A vertical section through an apothecium of Sticta shows the following 
layers: (a) the epithecium, (b) the thecium consisting of the spore 
sacs (asci) and paraphyses, (c) the h5^othecium or hyphal structure 
immediately below the thecium, (d) upper algal layer, (e) medullary 
layer, (/) lower algal layer, (g) cortical layer (Fig. 26). 

Some of the fruticose lichens have a central core-like strand of hyphae 
running through the medullary region which serves as supporting 
mechanic tissue as in Usnea barbala. 'The soredia are vegetative repro- 
ductive bodies consisting of from one to many algae surrounded by 
continuous hyphal tissue and are common upon the upper surface and 
margins of most of the higher lichen thalli. Among the Basidio- 
LicHENES basidia are formed with basidiospores on sterigmata as in 
Cora, Diciyonema, Latidatea. 
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FOSSIL FUNGI AND GEOGRAPHIC DISTRIBUTION 

Fungi in the Fossil State? — ^All the known fossil fungi numbering 
over 400 species have been figured and described by MeschineUi in his 
“Fungorum fossilium omnium Iconographia” published in 1898. 
Zeiller in discussing the chronologic sequence of the groups of fungi 
states that representatives of the families Chytrideace^, Mucora- 
CE^ and Peronosporace^ have been found in the tissues of the 
higher plants preserved in rocks of lower Carboniferous and Permian 
ages. Many different plants extending from the Carboniferous period 
upward show various forms of the ASCOMYCETALES on leaves and 
in the tissues especially those of the stems. The fleshy fungi of the 
families Agaricace^ and Polyporace^ have been found in deposits 
of tertiary age. Weiss has announced the discovery of a mycorrhiza 
in the root of a probable Lycopodiaceous plant of the lower Carbonif- 
erous strata. Where Folyporus and Lenzites occur, as in the brown 
coals, silicified woods occur which have been half destroyed by their 
mycelia. 

GEOGRAPHIC DISTRIBUTION OF FUNGI 

This important and interesting subject can be presented in the barest 
outline. The modern teaching of geography emphasizes home geog- 
raphy as a fundamental study. In following this suggestion in the 
investigation of the local fungi, it will be found that we must .deal 
with distinct habitats, such as leaf mold, sandy soil, wet soil, decayed 
logs, tree stumps, living trees, living herbs and the like. The black 
mould, Rhizopus nigricans^ is one of the commonest of fungi. It occurs 
on bread and other organic substrata, such as sweet potatoes, whenever 
the conditions are suitable for its growth. If horse manure is covered 
with a bell jar with wet paper inside, there develops first the gray 
mould, Mucor mucedo. This is accompanied or followed by PUobolus 

'Seward, A. C. : Fossil Plants, 1898; 207-222. 

Weiss, F. E.: A Mycorrhiza from the Lower Coal Measures. Annals of Botany, 
xviii: 255 with 2 plates. 
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crvsiaUm^, and this in turn by the white flecks of Oospora scabies, 
Coprinus ster cor anus usually completes this series of coprophilous 
fungi generally found on horse dung. Sometimes the Mucor is para- 
sitized by Piptocephalis and sometimes by Chcetocladium. Peziza 
coccinea is attached to dead twigs buried in the forest leaf mould, and 
as it rises to the surface, it develops a long stipe with a crimson-red 
saucer-shaped apotheciym at its extremity. RitsstUa emetka^ R. 
virescens, species of Clavaria and Boletus are regularly found beneath 
deciduous trees growing out of the forest Utter. The puffball, Sclero- 
derma vuliare, is found on the tops of old stumps in gregarious clusters. 
Polyporus sulphureus grows out of partly dead chestnut and oak trunks; 
while the hymenophores of Armillaria mellea are found clustered about 
the bases of trees beneath the bark of which the rhlzomorphs will be 
found growing. A species of Bydmm was found a few feet above the 
ground on a beech tree and Fistulim hepatica attached to tree trunks, 
where the swollen base gradually blends with the straighter hole above. 
Amanita muscaria and A, phaUoides grow in solitary splendor at the 
edges of woods and copses, while the habitat of the mushroom in open 
fields is quite distinctive. 

The earth-star, Geaster kygromeiricus, grows more frequently in 
sandy soil, where it spreads out its peridial segments. 

The habitat of the local species of the lichen fungi is of interest. 
The brown-fruited cup cladonia, Cladonia pyxidata, grows on stumps 
and on the earth, while the scarlet-crested cladonia, Cladonia cristatella, 
is found on dead wood. The Iceland moss, Ceiraria islandka, grows 
on the ground as also the reindeer-lichen, Cladonia rangiferina, in ex- 
tensive masses. Another earth-inhabiting form is Peltigera canina. 
The trunks of trees are marked by the presence of Parmelia perlata 
and the fruticose bearded lichen, Usnea barbata. Smooth bark appears 
covered with runic character traced by the fruit bodies of Graphis 
scripta. The rock-dwelling lichens include Physcia parietina and the 
rock tripe (tripe de roche), Umbilkaria which grows on the outcrops 
of Octorara schists at the Gulph, 

The distribution of the chestnut blight fungus, Endoihia parasitica^ 
is of more than local interest, although the agitation to control it 
started near Philadelphia. Apparently the fungus was introduced from 
China, where it has been found recently, with nursery stock into Long 
Island. From the neighborhood of New York City, it spread northeast, 
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northwest, west and southwest.^ Now it is found in Connecticut, 
New York, throughout New Jersey, and as far west as the Alleghany 
mountains in Pennsylvania. In isolated areas, it occurs in Virginia 
and West Virginia, endangering the future of the chestnut tree in 
America (Fig. 27). 

Wherever the cultivation of the higher plants extends, the fungi 
peculiar to these plants will be found, as the wheat rust, Puccinia 



Pig. 27. — Map of the eastern United States showing distribution of chestnut 
blight disease in 1911. Horizontal lines indicate area with approximately all the 
trees dead; vertical lines approximate area where infection is complete; dots indicate 
advanced points of infection. {From Gager, after Metcalf, U. S. Farmers' BuU. 467.) 

^raminis, in Europe, America and Australia. The damping-off fungus, 
Pythium de Baryanum^ which is death to seedlings, has been studied by 
German, English and American botanists, as a reference to the litera- 
ture will show. The downy mildew, of the grape, Plasmopara viticoh, 
apparently of eastern American origin, is found now in Europe and 
California, where it has become a serious pest. 

The black knot, Plowrigkiia morhosa, was apparently at one time 
confined largely to the Atlantic seaboard and was particularly abundant 
in New England and New York. It has now spread across the northern 

^ Cf. Simns, Neil R.: Rome Factors influencing the Prevalence of Endothia 
gyrosa. Bull. Torr, Bot. Club, 44:127-144, March, 1917. 
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United States to the Pacific coast. Such diseases as the sooty mold of 
orange, Meliola catnellm, and the brown rot of the iemon, Pytkiacystis 
dlriophthora, are confined to these last plants and to the regions where 
the citrus fruits grow. The anthracnose of the sytamore, Gnomonia 
vmeta, is parasitic upon the leaves and shoots of the sycamore or plane 
tree, Flatams occidentalism causing its leaves to dry up, as if bitten by 
early frosts. It seems to be more prevalent in the bottom of valleys, 
where the plane tree grows along streams, as here we find cold-air 
drainage. Sometimes after the first crop of leaves is lost, a second 
crop appears. Wherever the sycamore grows, Gnomonia may be ex- 
pected. The so-called fly-cholera fungus, Empusa muscce, is parasitic 
in flies and is present on these insects in Europe, even in the far north, 
in North America and South America (Argentina). The coprophilous 
fungus, Basidiobolus ranarum occurs on the dung of frogs in Europe 
and America. Taphrina cmrulescens does not seem to be choice about 
its hosts, occurring as spots on the leaves of Quercus cerris, pubescens, 
sessUiJiora in middle and southern Europe and on Quercus aJba, aquatica, 
coccinea, laurifolia, rubral velutina in North America. The hairy 
earth-tongue, Geoglossum kirsutum, is truly cosmopolitan, as it has been 
reported from all over Europe, North America, Java, Mauritius and 
Australia. The genus Cyttaria with eight ascospores in each ascus in- 
cludes six species. C. Darwinii and C. Berierii were discovered by 
Darwin in Patagonia. C. Gunnii occurs in Tasmania and C. Ilarioii in 
Terra del Fuego. None of the species, therefore, are found outside of 
the southern hemisphere (Fig. 28). The genus Hypomyces includes 
species which live parasitically, or saprophytically, on other fleshy 
fungi. H. ochraceus lives on species of Russula in Germany, England 
and North America; H. chrysospermus occurs on species of Boletus in 
Europe; H. aurantius on Polyporace^ and Thelephorace.e in, 
Europe; H. lateritius on Lactarius in Europe and North America; H. 
violaceus with its tender small stroma and violet-colored fruit body lives 
on a slime mould Fuligo septica in northern Europe; H. viridis is found 
on species of Lactarius and Russula in northern Europe and North 
America; H. cervinus grows on Helvellace^ and large PezizacejE in 
Europe; H. fulgens appears on the bark of pine trees in Finland and 
Sweden; H. Stuhlmanni is confined to PolyPorus bukabensis in Central 
Africa; H. chrysostomus is reported from Ceylon and H. flavescens on 
a Polyporus in North America. Hypomyces lactifiuorum planes down 
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the gill surfaces of the Lactariiis sp. on which it grows, converting an 
otherwise grayish-white fruit body into a cinnabar-red one. It [% 
found in the woods about Philadelphia, Pa. The fungi belonging to 
the family LaboulbeniacejE are included in 28 genera and approxi- 
mately 152 species, and have been made known largely through the 
studies of Prof. Roland Thaxter of Harvard University. A few species 
are found in Europe, in the tropics of Africa, America and Asia, but 
North America is extraordinarily rich in specific forms. They occur 
on dipterous, neuropterous and coleopterous insects, especially those 
which live in damp places or in the water. The corn-smut Usiilago 
maydis is a parasite confined exclusively to the maize plant, Zea maySf 
and to the closely related if not identically the same grass the teosinie; 
Kuchlana mexicana as pointed out some years ago by the writer^ as 
proof of the common origin of these two grasses. Wherever maize is 
cultivated the smut is found associated with it. 

The rusts (Uredine^) are among the most specialized of fungi in 
their parasitic habits, some species being confined to one or two hosts. 
They ascend with their host plants above the snow line on high moun- 
tains and toward the poles wherever flowering plants and ferns grow. 
Whole genera are confined, however, to certain regions. Thus the 
genus Ravenelia which lives on mimosaceous and caesalpinaceous plants 
extends north to the 40° north latitude. Many rust fungi are iden- 
tically the same in North America, north and middle Europe, and of 
the 500 species known from North America and 400 European rusts 
approximately 150 species are common to both countries. Only a few 
Mediterranean species are found in North America, as Uromyces f'ly 
cyrrhiz(e and Puccinia Mesneriana. A less number of species are com- 
mon to North and South America. It is noteworthy that Puccink 
mali'acearum introduced into Spain from Chile in 1869 has in the forty- 
six years which have elapsed since its introduction into Europe spread 
over the world. 

The genus Exohasidium includes iS species of fungi which cause Iht 
formation of fleshy galls chiefly on plants of the family Ericacile 
Tabulated the principal species are: 

Exohasidium laccinii on Vaccinium, Europe, Siberia, America. 

Exohasidium rhododendri on Rhododendron, Europe, America. 

iHarshberger J. W.; Cont. Bot. Lab. Univ. of Pa,, 1901: 234. 
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Exobasidium ledi on Ledutfit Finland'. 

Exobasidium artdromeda on Andromeday Europe, North America. 

Exobasidium azalea on Azalea, North America. 

Exobasidium anlarclicum on Lebelanthus, Patagonia. 

Ewhasidium gaylussacia on Gaylussacia, Brazil. 

Exobasidium leucoihoes on Lcucoikoe, Brazil. 

Exobasidium tauri on Laurus, Italy, Portugal, Canaries. 

Elxobasidium Wamin^ii on Saxijraga aizoon, Greenland, Tyrol, North Italy. 

In closing this consideration o£ the geographic distribution of the 
imgi, the interest which attaches to it as a study may be best empha- 
lized by giving in tabular form the distribution of the species belonging 
,0 a single family. The family Clathrace^ includes eleven genera of 
lighly specialized morphology. 

Family Clathrace.®. 

1. Clathrus cancetlatus^ Mediterranean Region, South England, 
North America. 

Clathrus columnatus, North and South America. 

2. Blumenama rhacodes, Brazil. 

3. Ikodiciyon ciharium, Australia, New Zealand, South America. 

4. Clatkrella chrysomycelina, Tropic South America. 

Clathrella pusUla, Australia, New Caledonia. 

Clathrella kamerunensis, Cameroon. 

Clathrella Preussii, Cameroon. 

Clathrella crispa^ Central and Tropic South America. 

5. Simblum periphragmoides. Tonkin, Java, Ceylon, East Indies, 
Mauritius. 

Simblum sphwrocephalumy North and South America. 

6. MiUlerif Australia. 

Colus kirudinosus, Mediterranean Region. 

Colus Gar CUB, Tropic South America. 

Colus Gardneri, Ceylon. 

7. Lysurus mokusin, China, 

8. Anthurus borealis, North America, 

Anthurus Clarazianus, Argentina. 

Anthurus Woodii, Natal. 

Anlhurus Mullerianus, Australia. 

Anlkurus cruciatus, Tropic South America. 
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9. Aseroe rubra, New Zealand, Australia, Java, Ceylon, Tonkin, 
South America. 

10. Calathiscus sepia, East Indies. 

Calaihiscus Puiggarii, South Bra^iil. 

II Knkhbrennera corallocephala, Africa, Cape, Natal, Angola, 
Cameroon, Zambezi Region. 
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PHYLOGENY OF THE FUNGI 

One of the most consistent attempts at representing the phylogeny 
of the fungi has been made by Dr. 0 . Brefeld through his researches 
which were published in collected form in “Untersuchungen aus dem 
Gesammtgebiet der Mykologie. ” As these volumes are bulky ones, a 
student of Brefeld, Dr. F. von Tavel, has given a useful summary of 
the chief points in his teacher’s system in a book published in 1892, 
entitled Vergleichende Morphologic der Pilze.” The phylogeny of the 
higher fungi, according to Brefeld, is based on the assumption, that 
there is an entire absence of sexual organs in all of those groups above 
the PHYCOMYCETES, but this view has been rendered untenable 
owing to the discovery of undoubted sexual organs among the ASCOMY- 
CETALES and the discovery of nuclear fusions in some of the rusts, 
suggesting a sexual condition. However this may be, Brefeld and von 
Tavel hold that the PHYCOMYCETES are algal-like fungi and prob- 
ably derived from algal ancestors. 

The OOMYCETALES are not linked directly with any of the higher 
fungi, but the ZYGOMYCETALES through the former with sporangia 
and conidia have probably given rise to the H EMI ASCI and directly 
through them to the ASCOMYCETALES. The forms of ZYGOMY- 
CETALES with conidia above are phylogenetically connected in the 
Rrefeldian system though the HEMIBASIDII with the BASTDIO- 
MYCETALES. This in brief is an outline of the phylogenetic views 
of Brefeld, as expressed in a useful ground plan of the natural system 
of hyphal fungi by von Tavel. 

The question is asked naturally, whether the origin of the fungi has 
been raonophyletic, that is from a single ancestral form, or polyphyletic, 
from a number of distinct ancestors? This question can be answered 
only after an examination of the evidence. There are two orders of the 
FHYCOMYCETES, or algal fungi, namely, ZYGOMYCETALES and 
OOMYCETALES. As to the origin of these forms, the monophyletic 
view would have us derive the ZYGOMYCETALES from the OOMY- 
89 
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CETAJ.es, which have been derived in all probability from an alga 
like Vaucheria with oogonia and antheridia, where the male sexual 
organs are smaller than the female. To derive the ZYGOMYCE- 
TALES from such a group would necessitate that the sexual organs 
become of equal size. 

Entomophihora is a connecting form where the sexual organs ap. 
proach each other in size. This genus is then connected by insensible 
differences with the heterogamic hermaphroditic moulds where there is 
an appreciable difference in the size of the two cells that conjugate, the 
larger being the female, the smaller the male, as in Absidia spinosa and 
Zygorkynchus hekrogamus. These are directly connected with the 
homogamic hermophrodite moulds and these with the homogamic 
heterothallic forms. The polyphyletic view necessitates the deriva- 
tion of the OOMYCETALES from a Vaucheria-like ancestor, and the 
ZYGOMYCETALES from a Zygnema-like ancestor, where conjugation 
of similar cells (gametes) is found. The polyphyletic origin of the 
fungi is emphasized by the adherents to the doctrine of the origin of the 
Ascomycetales from red algse, as there are three points of contact: 
fir sty sac fungi with highly developed trichogyne (sterilized archicarp) o( 
the Collema type with red algae-like certain existing forms; second, sac 
fungi with highly developed trichogyne of the Poly stigma type; ikiri, 
sac fungi with simple generalized copulating gametes of the Gymnoasem 
type. We are, however, not in the position to name any known red 
alga as the progenitor of the sac fungi, and it is far more reasonable to 
search for one in another fungous line, where, in the light of present-da) 
knowledge, there are known forms with sexual organs very much like thi 
sexual organs of simple, known forms of the Ascomycetales. We art 
not now in a position to name any known phycomycete as a probabl 
ancestor, though the likelihood is that the original stock possessed phy 
comycetous characters, thus attributing a monophyletic origin to them 
One of the most instructive forms suggesting a mode of transition frofl 
the PHYCOMYCETES to the ASCOMYCETALES, is Dipodasem 
Its sexual organs are strikingly like those of certain Mucosace^ o 
Peronosporace^ in their young stages. The sexual organs can b 
recognized as antheridium and oogonium either from the same threa 
(homothallic) or from different threads (heterothallic). After absorptio 
of the wail between the gametes, the fertilized oogonium (or zygote) 
grows out into an elongate stout ascus, or zygogametangium with the 
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^)roduction of numerous spores.^ Eremascus also represents such a con- 
necting form. From Eremascus by reduction forms like Endomyces 
arose which in two diverging series connects various ascomycetous 
fungal forms. One series shows sprout conidia, the other oidia. The 
veast series, the Exoascus series are thus connected. Some would have 
us .derive the LABOUiBENiACEiE from red algal ancestors, but another 
opposing view is that these unusual fungi have had a Monascus-like 
a ncestor. The other branch leads to the Basidiomycetales where the most 
primitive forms have not typical basidia, as in the Hemibasidii, and 
which are cpnnected with such primitive types as are included in the 
family. EntomopHthorace^.^ The diSerentiation of types within 
these large phyla will be dealt with as we proceed with a discussion of 
the various groups of PHYCOMYCETES and MYCOMYCETES. 

1 Atkinson, Geo. F. : Phylogeny and Relationships in the Ascomycetes. Annals 
Missouri Botanical Garden, II: 315-376. 

^Cf. Englek und Pkantl; Die naturlichen Pflanzenfamilien, I Teil Abt.: 
60-63. 

Massee, George: A Text-book of Fungi, 1906; 182-195. 
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MOULD FUNGI 
SUBCLASS PHYCOMYCETES 

The fungi of this subclass are distinguished by their siphon-like 
hyphas, because these hyphae are unicellular and multinucleate and sug- 
gest the algae of the family SiphonacejE to which Vaucheria belongs, 
Hence the fungi of the subclass PHYCOMYCETES seaweed i 
jjiVKr}Sy a fungus) are usually designated as algal fungi. Although the 
absence of transverse septa in the hyphjc is used as a fundamental char- 
acteristic, yet in the formation of the reproductive organs transverse 
walls or septa cut these organs off from the rest of the vegetative 
mycelium. Transverse septa are found regularly in some of the genera, 
such as Dimargaris, Dispira, Protomyces and Mucor, so that the general 
statement above is modified by such exceptions. A fungus, Lepiomitus 
lacteus, found in ditches and rivers shows a characteristic segmentation 
of the hyphae, where through the deposit of a substance known as cellu- 
lin the lumen of the hyphae is nearly closed, but at the point of constric- 
tion, a small pore remains through which the protoplasm passes.^ 

There are genera of the family Chytridiace^, such as Reessia and 
Rozella in which the protoplasm during the vegetative state is not sur- 
rounded by a cell wall, but is naked, and amoeboid in the host cells. 
The fungi of this subclass are saprophytic or parasitic, aquatic, or 
aerial, living endophytically as a rule. A few are parasitic on insects 
and fishes. Two orders are distinguished, viz., the ZYGOMYCET- 
ALES and the OOMYCETALES. 

ORDER ZYGOMYCETALES 

The fungi of this order show a strongly developed mycelium con- 
sisting usually of unicellular, sometimes pluricellular, multinucleate 
hyphtB. These hyphae are distinguished in the typic forms as the rhiz- 
oidal hyphae, aerial hyphie and reproductive hyphae. Vegetative re- 
' Massee, George: Text-book of Fungi, 1906: 242. 
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[ reduction is never through motile zoospores, but through imraotile 
lores produced in sporangia borne at the tips of the reproductive 
iyphse known as sporangiophores, or by means of conidiospores, 
fhlamydospores [Mucor racemosus), oidiospores, or gemmse. Sexual 
y production is by the conjugation of two similar or slightly dissimilar 
»ametes, and the formation of a resting cell, or sexually produced spore, 
mown as the zygote, or zygospore* Brefeld believed that this group 
;ave rise to the higher groups of fungi and he showed an interesting 
eries of transition forms from those like Mucor with a typic terminal 
porangium (Fig. 13) with numerous sporangiospores (endospores) 
hrough Thamnidium elegans with a large terminal sporangium (mega- 
porangium) and secondary lateral smaller sporangia (sporangioles, 
nicrosporangia) and Thamnidium ckcEtocladioides (Fig. 32), where the 
ibsent terminal megasporangium is represented by a spine-like sporangi- 
)hore, to Chcctocladiumj where the number of endospores in the spor- 
mgtoles is reduced to one inclosed within the sporangium, which be- 
ta ves as a conidiospore; thence to Piptocephalisj where the monosporous 
porangiole has become virtually a conidium, or conidiospore. He re- 
arded the ascus as potentially a sporangium, but recent discoveries 
ave shown this hypothetic view to be untenable, so that his views as 
0 the origin of the ASCOMYCETALES and the BASIDIOMYCE- 
J^ALES from the ZYGOMYCETALES must be considered as not satis- 
[actocily proved. 

i Blakeslee, who has studied the sexual reproduction in the moulds, 
inds that they may be divided into two groups, the homothallic (mon- 
Kcious) and the heterothallic (dioecious) forms. The homothallic 
noulds are those inVhich the sexual gametes, which conjugate, arise 
Tom the same mycelium, while the heterothallic forms are those in 
vhich two distinct mycelia contribute the gametes which ultimately 
mite sexually. The homothallic (hermaphroditic) moulds he divides 
nto the heterogamic hermaphrodites in which there is an inequality in 
he size of the gametes (the large one being female and the small one 
nale), and the homogamic hermaphrodites in which the gametes are of 
qual size. The heterogamic hermaphrodites include the following 
^ingi: Syncephalis^ Diemnopkora fulva, Absidia spinosa, Zygorhynckus 
ckrogamuSf Z. Mdkri, Z. Vuilkmini. The homogamic hermaph- 
odites comprise: Mortierelia polycephala, Mucor genevensis, Spinellus 
usiger and Sporodinia grandis (Fig. 28). The dioecious, or hetero- 
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thallic species are all homogamic, that is, there is no difference in tht 
size of the two gametes which conjugate. This group includes sucli 



Fig. aS. — Zygospore formation in Sporodinia grandis from material growing on toad- 
stool. (Slide prepared by H, H. York, Cold Spring Harbor, July 39 . 1915.) 
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Fig. 29. — Conjugation and development of zygospores between + and - races of 
black mould, Rhizopus nigricans. 


fungi as Ahsidia azrulea, Mucor mucedo, and five other forms of Mucof, 
^Phycomyces nitens and Rhizopus nigricans (Fig. 29). Taking the con* 
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j ligation in Mttcor mucedo as an illustration of the method, we find that 
{lie hyphae of two distinct mycelia, which may be designated as the 
-f and — strains, give rise to lateral club-shaped branches. The tips 
of these two branches (progametes) come into contact and a terminal 
cell (gamete) is cut off from each branch respectively by a transverse 
wall. The double partition wall is dissolved away by an enzyme, and 
the two cells coalesce, their nuclei uniting in pairs. A zygospore is 
formed, as a resting spore (Figs. 28, 30 and 33). It becomes covered 
with a thick, warty brown coat. The zygote (zygospore) germinates 
after a period of rest producing at once, because of the concentrated 
foods it contains, a sporangiophore bearing a terminal sporangium with 
sporangiospores. Sometimes the gametes fail to unite through some 
check to the normal conjugation and the two gametes may then round 
off and form thick-walled azygospores, and the size of these azygospores 
depends upon the size of the gametes from which they develop. Blakes- 
lee has discovered that for the production of zygospores in heterothallic 
moulds the contact of the hyphae-of two distinct mycelia designated 
-1- and — are essential. If two — races or two + races meet, there 
is no result. In the homothallic moulds, the two conjugating gametes 
may arise from the same mycelium. Where the -f- race of one species 
of mould meets the — race of another species imperfect “hybrids” are 
formed. The testing out, maleness or femaleness, of the different races 
is made possible by growing in proximity different kinds of moulds, 
where a reaction occurs and imperfect hybrids are formed one race 
must be plus and the other minus. Where the hermaphrodite forms are 
grown, it is noticed that one gamete is larger and the other smaller, and 
it is assumed, that the larger gamete is female and the smaller one male. 
The race of dioecious Mucors, designated tentatively (+), shows a 
sexual reaction with the smaller or male gamete, while the (— ) or 
vegetatively less vigorous race shows a reaction with the larger or 
female gamete. It is inferred that the -f race of dioecious mucors is 
female and the — race, male. 

The immediate stimulus to the formation of the progametes prob- 
ably lies in the contact of hyphae from different strains through the 
f>smotic activity of the hyphal contents. For this reason progametes 
fail to form in relatively dry air. By suspending two small bags filled 
with bread soaked in dilute orange juice and inoculated with mould 
T<^''es, any influence which the substratum might show is eliminated. 
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Zygospores were formed in one week where the aerial radiating hyph® 
had come into contact. By this experiment all influences exerted 
through the solid culture media, or which were due to contact of vege- 
tative mycelia, were eliminated. 

The sporangia of MucormucedosLVQ raised upon the ends of sporangio- 
phores. When fully formed the sporangium consists of a wall beset 
with spicules of calcium oxalate, the spores separated from each other 
by a slimy intersporal substance (zwischensubstanz), and a columella 
which projects into the interior of the sporangium. The formation of 
spores in Rhizopus nigricans and Phy corny ces nitens has been studied by 
Swingle,^ who finds that the columella is formed by the cutting upward 
of a circular surface furrow or cleft, thus cleaving out the columella over 
the end of which a plasma membrane is formed. The spore plasm of 
Rhizopus divides into spores by furrows pushing progressively inward 
from the surface and outward from the columella cleft both systems 
branching, curving and intersecting to form multinucleated bits of pro- 
toplasm (the spores) surrounded only by plasma membranes, which 
become the spore walls and separated by spaces filled with the inter- 
sporal substance (zwischen substanz). The endospores, or sporangio- 
spores, of Rhizopus nigricans and Sporodinia grandis are multinucleate, 
while those of Piloholus are binucleate, according to Harper. The es- 
cape of the mature sporangiospores takes place when a portion of the 
sporangial wall is dissolved. The spores escape imbedded in the inter- 
sporal slime, which dries up liberating the spores. Certain species of 
Mucor are capable of fermenting grape juice, the power of fermentation 
depending on the species. The following species produce alcoholic fer- 
mentation (Lindner); 

Quantity of alcohol 


Species by volume, 

per cent, 

Mucor Jansseni 3.41 

M ucor lamprosporus 3.71 

M ucor javanicus 2.83 

M ucor plumbeus 4.62 

Mucor pirelloides 1.06 

Mucor racemosus 4.62 

Mucor Rouxianus 5.25 

M ucor griseo-cyanus 4,00 

Mucor genevensis 5.21 


^Swingle, DfanB.: Formation of the Spores in the Sporangia of Rhizopus 
nigricans and of Phycomyces nitens. Bull. 27, Bureau of Plant Industry, 1903. 
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Key to Families of the Order Zyoomycetales 

Non-smal spores in sporangia, which in some genera are reduced 
to conidioid bodies. 

A. Non-sea^ spores formed in sporangia in many cases accom- 
panied by conidiospores. 

(o) Sporangia (at least the main sporangia) with columella. 
Conidiospores ^tbsent, or only sparingly found. Zygospores 
naked, or only covered by curled outgrowths of the sus- 
pensors. I, Mitcorace^. 

(b) Sporangia without columella; zygospore surroimded by a 
thick covering of hyphae. II. Mortiereliace^. 

B. Non-sexual spores as conidiospores. Sporangia exceptionally 
present. 

((i) Conidiospores single. Zygospores formed directly, by the 
united gametes. 

1. Sporangia present transitional to conidia; sporangia 
monosporic and polysporic. III. Choanephorace.®. 

2. Sporangia never present; parasitic on other MU COR- 
ALES. IV. Ch®tocladiace®. 

(^) Conidia m chains zygospore formed where the bent ends 
of the gametes unite. V. PiptocephAidace®. 

Non-sexual spores as true conidiospores borne singly at the end of 
conidiophores. VI. Entomophorace®, 

Family i. Mucorace®.— The mycelium of the true moulds is 
homogeneous, or it becomes heterogeneous through differentiation into 
aerial and nutritive hyphse. Non-sexual reproduction by the forma- 
tion of endospores in sporangia. The sporangia here may be simple or 
branched. The sporangia are all alike, or there are as in Thamnidium 
two different types known as megasporangia and microsporangia. The 
larger sporangia have a columella, while the smaller ones are mostly 
without a columella, but occasionally a columella is present. The 
formation of conidiospores is unknown in the family. The zygospore 
may arise by the fusion of two similar gametes formed from the same 
mycelium (homogamic hermaphrodites) or by the union of two slightly 
dissimilar gametes the product of the same^mycelium ^eterogamic her- 
mophrodites), or it arises by the conjugation of similar gametes (+ and 
~ races) from two distinct mycelia (heterothallic and homogamic). 

7 
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The important genera of the fah^y are 
ces, Absidia, Sporodima, TkamMiumf Dicrdnophdri^fJP^im^ 

■ bolus. The genus Mucor, a for the identification d the spedes wi| 
be given at the end of the boedfe:, was established in 1729 by Mkheli 
The genus may. divided into three groups of spedes^ The firsi 
division incliides those species with unbranched sporangiophoi^, suet 
as Mucot mucedo. The second group, com^^jses tlk moulds with clus« 
tered branches of the sportuigiophores, as Mucor carymbifeff M. erectus^ 
M, fragUis^ M- pusUluSj M. racemosuSj and Jkf* The third sec^ 

tion is made up of species the sporangic^hores of which show*sympodial 



Fig. 30 . — Details of Ckhmydomuccr roumosus sbowia^ oidia* sporangU and zygo- 
spore formation. 

brahchlng. Such are Mucot edternans, M. circinelloides, M. javanicus^ 
M.Koum and M. spinosus. (Also consult pages 695'-702.) 

The oldest known species, Mucot mucedo, was described fully for the 
first time by 0 , Brefeld in 1872. Stiff sporangiophores, 30 to 40^ 
thick, arise from the mycelium and are 2 to 15 cm. in height. Each 
bears a sii^Ie globular sporangium 100 to 2po/i in diameter and the 
sporangial wall is beset with fine needles of calcium oxalate. The spores 
are ellipsoidal 3 to 6jit by 6 to^ yrith faint yeflowish cell contents. As 
previously described, conjugation is between two similar gametes from 
ri* and — mycelia. Mucot racemosus, also known as Chlimydomucor 
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uKeffiosus (Fig. 30), shows the clustered braaching of the sporangio- 
phore aad in addition the hyphae are marked by the intercalary forma- 
tion of chlamydospores. This mould produces sporangiophores 8 to 20ju 
thick by 5 to 40 mm. in height, bearing brownish sporangia 20 to 70;^ in 
diameter. The globular colorless spores are 5 to Sft broad by 6 to loju 
in length. This mould which grows on bread and decaying vegetable 
matter, and if cultivated submerged in beer-wort, the hyphae swell ir- 
regularly and a large number of transverse septa appear, which divide 
the hyphae into barrel-shaped portions. These cells or gemmae can be 
separated readily, and when free, they become spheric and multiply by 
budding, as in the true yeasts, and the submerged spores also bud and 
constitute the so-called Mucor-yeast. At the surface of the liquid, they 
develop the typic mould form. Mucor racemosus, according to Hansen, 
is the only mould capable of inverting cane-sugar solution. It produces 
in beer- wort as much as 7 per cent, by volume of alcohol. Mucor erectus, 
which grows on decaying potatoes, produces azygospores as well as zygo- 
spores. It has the same appearance as the preceding and possesses an 
active power of fermentation. In beer- wort of ordinary concentration, 
it yields up to 8 per cent, by volume of alcohol, and in dextrin solutions 
it induces alcoholic fermentation. Mucor spinvseenSy which grows on 
Brazil nuts, has spiny projections on the rounded upper surface of the 
columella. Mucor (Amylomyces) Rouxii occurs in the so-called 
“Chinese yeast,” which is in the form of small whitish cakes, consisting 
of rice grains kneaded together with assorted spices. These cakes are 
powdered and mixed with boiled rice upon which the mycelium grows, 
converting the rice by slow degrees into a yellowish liquid which con- 
tains glucose produced by the diastatic ferment of the fungus. 

The black mould Rhizopus nigricans {Mucor stolonifer) grows on 
bread and other organic substrata (Fig. 31). Several sporangiophores 
arise from a single point of origin, namely, at the top of amass of rooting 
(rhizoidal) h3rphae which constitute an adhesive organ or oppressorium. 
Each erect stalk bears oblate spheroidal sporangia with distinct colu- 
mella and sporangiospores, 6 to i7ju long. Arising from the base of the 
clustered sporangiophore is a horizontal hyphae, which often attains a 
length of 3 cm. and is known as the stolon, or stoloniferous hypha. 
When the tip of this stolon comes into contact with the substratum a 
new appressorium is formed from which arises a number of sporangio- 
phores bearing sporangia (Fig. 31). This method of growth enables the 
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black mould to spread rapidlyand it sometimes chokes out other moulds 
growing in competition with it on the same nutritive medium. In i8iS, 
on account of this method of growth, it was named by Ehrenberg 
Mucor stolonijer. Related to this fungus is one named Rkizopus ory^ 
ze(E which grows in Ragi. The fungus Phycomyces nitens is found in 
empty oil casks, on oil cakes and in concentrated fodder. It puts forth 
stiff sporangiophores 7 to 30 cm. long and 50 to 150/i in diameter which 
bear at the summit black globular sporangia 0,25 to i.o mm. in diame- 
ter, filled with yellow-brown, thick-walled endospores, 16, to 30^ 
long and 8 to broad. Its zygospores are 300At broad and their 



Fig, 31,— Black Mould, Rhizopus nigricans. A, Mature plant showing rhizoidal 
hyphae (wyc); stoloniferous hypha (sr); sporangiophores (spk)\ sporangia (sp). B, 
Younger cluster of sporangiophores and sporangia. (After Gager.) 

borders are covered with many forked projecting hyphte known as 
suspensoria. Recently H. Burgeff^ has studied the variability, sex- 
uality and heredity of Phycomyces nitens and has brought his cultural 
investigations into line with the recent developments of cytology and 
genetics. His paper should be read by all students, who may be 
interested in the extension of the methods of genetics into an 
investigation of the lower plants. 

The genus Absidia includes five species. In these fungi the suspen- 
sors are borne at the base of the two gamete cells which fuse to form the 
zygospore, which when mature is covered by a basket-like covering of 

^ Burgefp, H.: Untersuckungen fiber Variabilitat, Sexualitat und Erblichkeit 
bei Phycomyces nitens Kuntze. Flora, Band 108; 353-448; review by G. V. Ubir'cli 
(Dah)era) in Botanisches Centralblatt, Band 128, Nr. 23: 630-632, 1915. 
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straight appressoria, which hook together by their curved extremities, 
thus giving additional protection to the zygospore. Sporodinia grandiSy 
die single species of another genus, lives on large fleshy fungi of the 
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cate sporangia] wall, which soon disappears leaving the spores on a 
hemispheric columella. These spores are 1 1 to 70/* broad. The 300;* 
broad zygospores are produced from similar branches of a dichotomously 
brsLtxdtteA zygosphore. The mycelium of the species of ThamnidiuTn 
enters the nutritive substratum. The large sporangia are terminal 
while the smaller secondary sporangia are borne on lateral branches in 
•whorls below the terminal sporangium. This is typically seen in 7 'k. 



Fig. 33. — Details of sporangia and sporangiophores of Pilobulus. i, P. micro- 
sporus; 2, P. roridus) 3, 4, 5, P, anomalus; 6, zygospore of P, anomalus. (Afkr 
Brefeld.) 

elegans (Fig, 32). A related species Th. Fresenii has an upright termi- 
nal sporangiophore, which is either sterile, or ends in a large terminal 
sporangium, while the smaller sporangia are as in Th, elegans. In 
Th. amoenum, the lateral smaller sporangia are borne at the end of 
coiled secondary sporangiophores. The secondary sporangia suffer 
reduction in Th. chaiocladioides (Fig. 32) which in addition to having a 
straight terminal spine-like hypha in place of the terminal sporangia' lias 
some of the lateral microsporangia replaced by sterile branches. The 
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lommonestsper^of (Fig. 33) is P. crystcUinus whidi appear^ 

oQ horse dimg. It has a fe^ short feedingliyph® and an iq)ri^t spor- 
angiophore swd^at theextremity by gas and wata vaiwr and, there- 
tore, under ten^can* It bears at its ^rtremity a flat^rounded sporan- 
gium filled with sporangiospores. An explosion of the ^xnangiophore 
causes the whole sporai^cun^to be shot offla considerable distance 

FAintY . 2. MoaiMELtACE^.— This family consists d two g^era 
Mortierella and Herpoclddidla. The genus which is rqjre- 

sented by a coprophilous species, Af, Rosiafinskij has a sporangium 
borne on a sporan^ophore which arises in a definite way from a spare of 
hyph?e that are knotted into a rounded mass at its base. In M. cande- 
labrum, the sp<naiigiophore is brandied can^olabra-like. Brefeld men- 
tions Mortierella and Rhizopus as examples of the carposporangiate 
ZYGOMYCETALES, where the sporangiophores appear always at 
predetermined places on the mycelium, and not at indefinite points, as 
in the majority of other moulds. 

Family 3. Choanephorace®. — Represented by a single genus 
Ckoanephora and a single species infundibidifer on flowers of Bihiscus 
in East Indies. 

Family 4. CH<ETOCLADiACE^.““This is a small family of one 
genus {Chmtodadium) and two species, {Ch, Jonesii and Ch. Bfefeldii) 
(Fig. 32) which live pmrasitically on Mucor mucedo ^d Rhizopus nigri- 
cans, The terminal sporangia of Thamnidium are never formed and 
secondary sporangia are reduced to the unisporous condition suggesting 
conidiospores with pointed branches between them. 

Family 5. PEPTOCEPHAiii>ACEjE.~-Three genera PiptocepholiSf 
Syncephalis a^d Syncephalastruin are recognized in Die NatUrlichen 
Pflanzenfamilien. ^The eight species of Piptocephalis are parasitic 
on the mycelia of Mucor^ PUobobis scad Chodocladium species. The. 
haustorial hy^a flattens itseK disc-like on the outer surface of the 
host's hyphse and sends five rhizoidal branches into the host cells. 
An erect dichotomously branched conidiophore bears conidiospores 
in globular clusters at the ends of its principal branches. Some 
species of SyncephaHs are parasitic on other fungi; but S, cordata 
grows on manure, pre^mably as a saprophyte. 

Family 6. Entompphthorace^. — T he mycelium l)f thef ungiof this 
family is more or less richly developed and lives endozoically in animals, 
such as fli^, mosquitoes, aphids, and seldom saprophytically as 



104 


lfV00I.0GY: 


Basidioholus on the fecw of frogs. Non-sexual reproductions is mainlj 
by means of uaiceHular conidiospores which are discharged forciblj 
from the ends of tubular conidiophores. Sexual reproduction is by th( 
conjugation of two gametes dissimilar in size, heterogamicand thus thesf 
fungi connect the ZYGOMYCEXALES with the OOMYCETALES 
where oogamous reproduction is displayed. The zygospores formec 
in conjugation are spheric, while the azygospores formed on thf 
mycelium without copulation are similar to the zygospores in struc- 
ture and appearance. The family includes seven genera, Includ- 



Fig. 34. — Fly cholera fungus {Empusa 1, Fly enveloped in mycelium 

2, fungus between hairs of the fly; 3, conidiophores and conidiospores; 4, germlna 
tion of spores; 5, formation of egg in Empusa sepulchralis. (After Thaxfer.) Se 
Henri Coupin, Atlas des Champignons. Parasite set Pathogenes de V Homme et da 
Animaux, 1909. 


ing Empusa and Entomophthora, which may be chosen as types fo 
discussion. 

The mycelium of Empusa muscat (Fig. 34) is parasitic in th 
bodies of flies, destroying them in large numbers by an epidemic in th 
fall, known as fly-cholera. The short hyphae frequently bud lik 
yeast cells. The conidiophores break through to the surface of th 
insect’s body, where the conidiospores 18 to 25/B broad by 20 to 30^ 
long are forcibly discharged. These spores bore their way through th 
chitinous covering of a healthy fly by means of a germ tube and th 



H 0 X 7 LD rUNGI 10 $ 

hyphsB enter the body of the fly bud like yeast cells, which are 
carried to all parts of the ii^ect’s body. Later the parasitic hyphs 
arise from the gemma. Resting spores are unknown. 

Entomphihora is a genus of fungi inclusive of thirty species found 
on various insects in Europe and North America. Entomphihora 
sphmsperm has a richly brandied nutritive mycelium, which grows 
through the body of insects. After the death of the host, the hyph« 
break through the surface' in connected strands part of which attach 
the larva, or insect’s dead body, to the substratum and part form a 
thick white mantle over the surface. 

The conidiophores are in branching bundles. The conidiospores 
are elongated dlipsoidal, 5 to 8 m broad by 13 to 2 6 m long. Secondary 
and tertiary conidia are found. The resting spores produced as azy- 
gospores are spheric and to 35M broad with a smooth yellow wall. 
It grows on larvse, especially frequent on the cabbage worm Pieris 
brassier in Europe and North America. 
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OOSPORE-PRODUCING ALGAL FUNGI 
ORDER II. OOMYCETALES 

The fungi of this order were derived probably from some ancestor, 
or ancestors, which through the loss of chlorophyll became dependent 
on extraneous supplies of organic food. If we look for such an ancestral 
form among the algae, we find that it must have been related to Vm- 
chma, if not identic with that filamentous siphonaceous green alga 
with reproductive organs, as oogonia and antheridia. Vaucheria is a 
unicellular filamentous sparingly branched cell with a thin cell wail and 
multinucleate. Hence it is sometimes called a ccenocyte. Similarly, 
the structural features of the more. primitive Oomvcetales are like 
Vauckeria, but the absence of chlorophyll is distinctive. The forma- 
tion of non-sexual sporangia with the formation of zoospores, or swarm 
spores, known as zoosporangia is a feature of the fungi of this order. 
As there is a pronounced difference between the male and female sexual 
organs, oogamous reproduction is the rule. The oogonium is compara- 
tively large and contains one or more oospheres, which are fertilized 
by the sperm cell, which swim to it by cilia, creep to it, or are carried 
into the oogonium through a fertilization tube. Sexual reproduction in 
these fungi has been investigated cytologically by a number of students, 
and they have found that the nuclear changes concomitant with fertili- 
zation are characteristic. Albugo Candida^ A. lepigoniy Peronospora 
parasitica^ PlasmoparayPythium and Sclerospora show a single large cen- 
tral oosphere with a single nucleus, while the remaining nuclei pass from 
the gonoplasm into the periplasm. A process is sent into the oogonium 
from the antheridium and a single male nucleus passes into the oogo- 
nium. A cell wall is developed about the oospheres and the male and 
female nuclei unite, while the periplasm is used in the formation of the 
spore wall (episporium). The ripe oospore has a single nucleus in 
Peronospora parasitica, while in Albugo, it becomes multinucleate after 
nuclear division. A central oosphere (gonoplasm) surrounded by peri- 
107 
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plasm occurs in Albugo blili and A. fortuhccR and the oosphere is 
multinucleate and the nuclei present fuse in pairs with a number of 
sperm nuclei which enter from the antheridium. The oospore which 
arises is multinucleate. This method is considered by mycologists to 
be the primitive one as displayed in these two species, the uninucleatt 
oospheres of the first-named species having been derived from the multi- 
nucleate. An intermediate position is occupied by Albugo tragopogonk 
where at first the oosphere is multinucleate but by the degeneration ol 
all but one female nucleus becomes uninucleate, Claussen^ finds thal 
Saprolegnia monoica develops both antheridia and oogonia, the latlei 
at first being filled with protoplasm and many nuclei which wander t( 
the periphery and undergo degeneration with a few nuclei left over. 
These nuclei divide once mitotically. Around these daughter nuclei 
the protoplasm collects to form the egg cells. Each egg has a single 
nucleus near which is the coenocentrum of Davis, but which Claussen 
thinks is a true centrosome. The simple or branched antheridia form 
germ tubes which enter the wall of the oogonium and a single male 
nucleus fuses with the nuclei of the egg cells to form the oospore. 
Claussen contrasts the life cycle, as determined by his investigations, 
with those of Trow in the following diagrammatic presentation: 


Trow 


Diploid 


Haploid Diploid 



Antheridium — Male nucleus 


\ 

\ 


Oospore, Mycelium Oospore 

Multinucleate \ 

\Oogonium — Egg cell — Egg nucleus/ 


Claussen Haploid Diploid. 

Strasburger considers that the superfluous nuclei in the oogonia and 
the antheridia are comparable with the superfluous egg nuclei of certain 
of the brown seaweeds belonging to the family Fucace^. When the 
oospores germinate, they either produce directly a mycelium, or give 
rise to zoospores. The fungi of this order are essentially parasitic, 
being found in this condition as endophytic parasites, or as endozoic 
parasites on fishes and insects and Euglena. 

‘ Claussen, P. : Ueber Eintwicklung und Befructung bei Saprolegnia monoica. 
Festschrift der Deutsch. Bot. Gesellsch., xxvi; 144-161 with 2 plates, 1908. 
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K.EY TO Families of the Order Oomycetales 

Zoosporangia, oogonia and antheridia present; conidia absent, 

(a) Mycelium well developed. 

1. Antheridium forming motile spermatozoids, which enter the 
oogonium. Family i. MoNOBLEPHARiDACEiE. 

2, Antheridium not forming spermatozoids, fertilization through 
an antheridial tube, or beak. Family 2. SAPROLEGNiACEiE. 

{b) Mycelium poorly developed, sometimes represented by a single 

cell, 

1. Fruit body as a single cell or by division forming a sporangia! 
sorus; parasites on algae, protozoans, rarely on flowering 
plants. Family 4, Chytridiace^. 

2. Fruit 'body through division a chain of cells which develop 
sometimes into zoosporangia, sometimes into antheridia and 
oogonia. Family 5. Ancyclistace^. 

B. Conidia present. Family 3. Peronosporace^e, 

The following descriptions of the above five families are presented 
.ti order to introduce the student to the characters which fundament- 
illy distinguish them. Therefore, all generic keys are omitted because 
the introduction of them under each family would increase the size of 
the book unduly. 

Family i. Monoblepharidace^. — This family is represented by 
the genera Monoblepkaris and Gonapodya. The genus MonoUepharis 
is represented by two species of which M. spharica is the most com- 
mon. It is an aquatic fungus found growing saprophytically on dead 
inimal and plant parts under water. The hyph* of the mycelium 
ire tubular, branched and unicellular. The swarm spores (zoospores) j 
ivhich are formed much as in Saprolegnia, have only a single flagellum. 
The oogonia are either terminal in position or. interstitial and there is 
no differentiation of an outer periplasm, but the whole protoplasm 
if the oogonium contracts to form an oosphere. Later a pore appears 
It the apex of the oogonium through which the uniciliate spermatozoids 
mter to fertilize the egg cell. The antheridium in M. spharica appears 
IS a penultimate cell immediately below the oogonia. An opening is 
ormed at the top through which the spermatozoids escape. The 
’'’Sphere on fertilization becomes an oospore. Because of the aquatic 
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habit and formation of motile spermatozoids, B ref eld considers Mono^ 
blepharis to be the most primitive of the Oomycetales. 

Family 2. SAPROLEGNiACEiE. — The members of this family, as 
their name indicates, are saprophytes on both dead plants and animals 
in water with the exception of the fungus which causes the salmon 
disease and it is both a saprophyte and a facultative parasite. The 
hyphae in the vegetative condition are relatively large, arising from 
delicate rhizoids which penetrate the substratum. Swarm spores 
which are biciliate are formed in terminal, long, tubular zoosporangia 
opening by an apical pore through which the zoospores crowd their 
way out into the water. Sometimes, as they escape, they collect into 
ball-shaped masses which are caused to slowly roll about by the activity 
of the cilia. The female sexual organs, the oogonia, are terminal on 
the branches of the thallus hyphae. Several oospheres without dis- 
tinction of periplasm are formed inside of a single oogonium, and 
sometimes, as many as thirty or forty are found. The antheridia, 
which are club-shaped, are formed on slender branches of the mycelium 
which also bear the oogonia, or which are distinct from those 
which are oogonial bearers. These antheridia approach the oogonia 
and an antheridial beak is formed which penetrates the wall of the 
oogonium and comes into contact with the oospheres by growing from 
one oosphere to another. Sometimes the antheridia, as in Saprole^nk 
monilifera, are not produced at all and the oogonia develop partheno- 
genetic oospores which germinate after a rest period of a few days to 
several months. The series representing reduction in sexuality begins 
with such forms as Saprokgnia monoica with an oogonium and an 
antheridium which develops a fertilizing process through Acklyn 
polyandra, which forms antheridial branches which do not touch 
the oogonia, to Saprolegnia monilifera without any trace of antheridia, 
Androgynous forms are those in which the same hyphal branch 
develops both antheridia and oogonia and the diclinous species 
like Saprokgnia dioica and Achlya oblongata are those in which the 
antheridia and oogonia are borne on distinct branches. 

Saprokgnia ferax usually attacks only fishes, tadpoles and the 
spawn of frogs. It appears on aquarium-kept fishes on the. sides of 
the body at the tail end, or among the gills. In the latter place, if 
abundant, it frequently causes asphyxiation and before this state is 
final the fish turns over on its back and rises to the surface. In the 
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experience of the "^ter, imma^ion of the diseased fish in strong brine 
in many cases brills about a cmrCji if fhe growth of the fungus is not 
too great. PeUa^en* observed a sick bream in the lake of Pure S6 
with a wound qmte ovagprown with Saprolegnia hyphae and he has 
found frog eggs which were attacked, the hyphae growing in the jelly 
around the eggs, penetrating into them. The fungus can be raised in 
the laboratory on dead fishes by allowing tap water to slowly flow over 
them in a jar. A few days are necessary to secure a copious growth. 
Frogs which die under the ice in winter for lack of oxygen float to the 
surface in the spring entirely covered by this fungus. It thrives 
best in .the early stages of decay, for as putrefaction advance^ bacteria 
and infusoria increase to such an extent as to check the growth of the 
fungus. When air insects, such as gnats, fjdl into lake or pond water 
in great numbers,, species of Saprokgmat Achyla and Aphanomyces 
appear in great numbers and seem to form a gray felt on the surface. 

The vegetable materials on which the Sapholegnuce^ mostly live 
ate branches and shoots of trees, which fall into the water except 
SaliXf owing to presence of salicin. Second in importance are half- 
rotten rhizomes of CaUa, half-rotten leaves and leaf stalks of Nuphar 
and Nymphaa and other parts of aquatic plants which float on the 
[Surface. Species of the genus Achlya are mostly associated with such 
materials, Achlya polyandra have been repeatedly found by me on the 
fruits of Osage oranges which have fallen into the pond at the Univer- 
sity of Pennsylvania. The most favorable environmental conditions 
seem to be the absence of air about the hyphae, quiet, still, pure water, 
that does not contain much iron and a relatively open light surface. 
Low temperature conduces to the formation of oogonia, which also 
keeps in check other competing organisms (Fig. 35). 

Famly 3. pEROirospOKACEj:.— This family is rich in parasitic 
forms which may be accounted as tS cause of important diseases of 
cultivated plants. The hyphae of the mycelia are irregularly and copi- 
[)usly bitched and^dre found /nainly in the intercellular spaces of the 
liost tissue sending Ihort branches called haustoria into the adjoining 
living cells. These haustoria maybe ^oh\Ai^{Mll^go—Cystopus), 
tlub-shaped branched {Tlamoparc^ (Fig. 36), 

branched and snarled (Peronospora), Septa are absent except 

^ Petersen, Henning E.: An Account of Danish Fresh-water Phycomycetes. 
Annales Mycologici, viii, No. 5, 1910. 
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when the. reproductive organs are fortned. Noh-sexual spores, a 
conidiospores, are borne on cbnidiophores which feiay remain within 
the host (Albugo ^Cystopus)t or grow beyond the surface* They may 
be either simple or branched. These conidiospores either germinate, 
as in Phytophtkora infestans diXiA Peronospora nma by means of zoo- 



Pig. 35- — t. Zoosporangium of Achlya racemosa; s, escape of zoospores; 3. fly- 
covered by mycelium; 4, zoospores of fungus; 5, Achlya ferax with zoosporangia and 
zoospores; 6, Achlya prolifera, 24 hourt after germination of zoospores. 7, Achl^i 
monoica, with antheridia and oogonia; 8, Achlya coniorta. (After Henri CoupKi 
Atlas des Champignons Parasites et Pathogencs de V Homme- et des AniTnawc, pi- xviii 
1909.) 


spores which escape or by the protoplasm escaping {plasmatoparous}, as 
in Peronospora densa^ or by germ tubes, which in some species (Pero^w- 
sporty lactuca) appear at the end of the spore {acroblasHc)^ or at the 
side of the conidiospore (pleuroblasiic)^ as in Peronospora radii. The 
oogonia and antheridia, which are also present, are formed in the 
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^issues of the host. The different kinds of nuclear fusion, which 
Accompany fertilization, have been described previously. The oospore, 
which is formed, acts as a zoosporangium in some cases for it gives 
rise to numerous spores; or in other cases it produces a germ tube, 
[n most of the forms, the oogonium contains a mass of protoplasm 
known as the oospherc. This is divisible into an outer clearer por- 



Fig, 36, — Plasmopora viUcola. A, Conidiophore with conidiospores (nearby 
oospores) ; B, Haustoria; C, Swarmspore formation. A , 950/1 ; B. C, 600 /r . {After 
Mitlardet in Die naiUrlichen Pfianzenfamilim I. ii p. iiS)* 

lion, the periplasm, and a denser more granular central portion, the 
gonoplasm. After fertilization, the oospore develops a thick wall of 
two layers, an extine and intine, and becomes a resting spore. It 
accumulates fatty substances, which are utilized when the spore 
germinates in the spring after a long winter’s rest. The family has 
5 iad many revisions and in order to simplify matters Pythium and 
Albugo (Fig. 37), which are placed in separate families by some 
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authors, are placed in the family Peronosporace^. Details of the 
important forms which cause plant diseases will be given in the third 
part of this book. These fungi will be referred to under each genus 
following the systematic generic key which is here given. 


Generic Key oe the Family. PERONOSPORACEiE 

Mycelium of these fungi parasitic or saprophytic in plant tissues; 
zoosporangia as distinct organs producing biciliate zoospores. 

A Zoospores formed out of protoplaem 

juj which escapes out of the conidia. i. Pythim. 

Zoospores formed within the zoosporangia. 

I Zoospores elongate. 3. 

Mycelial hyphae branching non-septate 
^ usually coarse, of strictly parasitic habit. 

Conidiophores short, thick, subepidermal, 
conidia in chains. 4. 

Conidiophores longer superficial, simple 
^ ^ or branched, conidia not in chains. 

fn Conidiophores scqrpioid cymosely 

I yM branched conidiospores developing 

^ swarmspores. 5. Phytophthom. 

Conidiophores simple, or branched 
monopodially; conidia sprouting as a 
plasma, or by swarm spores. Con- 
37.— White rust, idiophores regularly branched. 

Cystopus (Albugo) poriula- Conidiophores simple erect with a 

on purslane, Poriulaca ,, , x , 

oUracea. (Cold Spring Swollen end (basidiadike) bearing 

Harbor, L. L, July 24. short sterigma-like branches of equal 

^ ^ ^ length. 6. Basidiophorc. 

Conidiophores with lateral branches developed normally of 
unequal length, Conidiophores stout, with few branches, 
oospore united to wall of oogonium. 7. Sclerospor^- 

Conidiophores slender, freely branched persistent; oospore 

8 . Plasfnopdfi^- 

Conidiophores with forking branches; conidiospores sprout- 
ing with a germ tube. Upper end of .conidiospore with ^ 
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papilla through which the germ tube grows (acroblastic). 

9. Bremia. 

Conidiospores without papilla; pleuroblastic. 10. Peronospora. 


The most important species of these genera from the standpoint of 
the plant pathologist are the following enumerated below with their 
common English names where such have been given. 


Scientific name 

English name j 

Host plant 

Pytkium de Baryanum 

Damping-off fungus 

Seedlings 

Pylkiacystis cUrioptkora 

1 Brown rot of lemon 

1 Lemon fruits 

Albugo [Cystopus) Candida... 

White rust of crucifers. . . 

Cruciferous plants 

Albugo {Cystopus) portulaccs . 

White rust of purslane. . . 

Poriulaca okracea 

Phytophthora cactorum 

Mildew of succulents ' 

Cacti, etc. 

Fkyto'phthora infestans 

Late blight of potato 

Potato 

Phytophthora phaseoli (Fig. 

Downy mildew of beans . 

Lima^bean 

44). 

Piasmpara cuhcnsis 

Downy mildew of cu- 

Cucumber 

Plasmopara Malstedii 

cumber. 

Hclianthtis anmeus and 



H. tuberostis 

Phsmopara viticola 

Downy mildew of grape. . 

Grape vine 

Bremia lactuca 

Downy mildew of lettuce. 

Cynara, Cineraria, Lactuca 

Peronospora efusa 

Peronospora parasitica. 

Mildew of spinach 

Downy mildew of crucifers 

Spinach 

Cabbage 

Peronospara ScMddeniana . . . 

Onion mildew 

Onion 
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OOMYCETALES (CONTINUED) 

Family 4. CHYTRiDiACEiE, — This family according to some authors 
is made to include six families which are here reduced to six subfamilies. 
It includes fungi of short vegetative duration, which may be a few days 
in length. The swarm spores quickly give rise to new generations, 
The resting period is represented in the case of the endophytic para- 
sites by the time which elapses between the growth of two successive 
crops of the host plants. The majority of the species of the family 
are true parasites, partly endobiotic, partly epibiotic, and a few 
are saprophytes. Half of the plant parasites live in fresh-water 
algae, nearly as many in flowering plants, some of which are in 
aquatic plants, some in swamp plants. About ten species are found 
on marine algae. All species are microscopically small, yet they 
cause galls, dwarfing, dropsy and crusts of the host plants. The 
mycelium is absent or in the form of slender protoplasmic filaments, 
occasionally as distinct on e-cell ed hyphae. The cell, which produces 
the fruit body, frequently serves as the chief nutritive organ. Later, 
it divides to form zoospores. The true mycelium has weak develop- 
ment. The short germ tube merely serves as an organ by which the 
parasite gains entrance to the host cell, and in the endophytic forms, it 
disappears quickly, but in the epiphytic species, it serves as an haustor- 
ium, sometimes with rhizoidal extensions. In the better-developed 
forms of Cladochytrie^, the slender mycelium serves to carry the 
fungus from cell to cell of the host. The sporangia are always zoo- 
sporangia which develop swarm spores, or zoospores. They are thin- 
walled and quickly mature, or they are thick-walled and form resting 
sporangia. Sexual spores are formed in only a few types and the differ- 
ence between antheridia and oogonia is morphologically little pro- 
nounced. The swarm spores have as a rule a single flagellum, rarely 
do they have no such locomotory appendages. The sexually produced 
oospores have the appearance of resting sporangia with the empty 
antheridium attached as an appendage. Few of these fungi attack our 
116 
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t ultivated plants» but where the attempt is made to grow algaj and 
other water plants, the fungi of this family occasionally do considerable 
damage. 

As an example of the first subfamily Olpide^, may be chosen 
Olpidium endogenum, which lives in the cells of desmids and kills 
them. The zoosporangium found in desmid cells are oblate spheroids 
and develop a long tube which projects out of the desmid cell through 
which the zoospores with a single cilia escape into the water. 0. ento~ 
pkytum is parasitic in such filamentous algae as Vaucheriaf Clado- 
pkora, Spirogyra. Olpidiopsis saprolegnice lives in the elongated 
ceils of Saprolegnia, producing enlargements in the hyphae of the fun- 
gous host. The swarm spore bores a hole in the cell wall of its host 
and swells out into a zoosporangium which develops a tube through 
which the biciliate swarm spores escape into the water. 

The subfamily Synchytrie^e includes most of the fungi which 
attack the higher plants. Such are Synchytrium decipiens on the 
hog peanut (Ampkicarpea monoica ) ; S. fulgens on the evening primrose 
{Oenothera biennis); S. stellarice on Stellaria; S. succisce on Succisa 
pratensis; S. taraxaci on dandelion; S. vaccinii causing a gall on cranber- 
ries, glohosum on violet, wild strawberry, blackberry and 

maple seedlings, P. myosotidis occurs on certain members of the 
borage and rose families. 

Cladochytrium tenue of the subfamily Cladochytrie^ lives in the 
subaqua tic tissues of the sweet flag, Acorus calamus, flag Iris 
pseudacorus and a grass, Glyceria aquatica. Its mycelium is widely 
distributed in the cells of its hosts. Spheric sporangia i8ju wide and 
sometimes 66ju are formed as intercalary enlargements of the mycelium, 
or they are formed at the end of the hyphaj, with a colorless supporting 
cell. They give rise to a short tube-like mouth which breaks out of 
the host cell. The zoospores are uniciliate. 

Representing the Oochytrie.® is an interesting fungus first fully 
investigated by Nowakowski, namely, Polyphagus euglence, which 
attacks the cells of Euglena, a unicellular animal. Its mycelium con- 
sists of a central enlarged portion from which run out in a number of 
directions branches which end in extremely fine points which penetrate 
the cells of Euglena. The enlarged central portion develops a swollen 
tubular outgrowth intc^hich its protoplasm wanders. The contents 
of this outgrowth then divide into numerous uniciliate swarm spores 
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which escape into the water. Under certain conditions a cyst appears 
in place of a zoosporangium. This is thick-walied and of a yellow 
color and enters a period of rest. After the rest period, the membrane 
of the cyst rupture and a sporangium appears. Cysts may arise 
by a kind of sexual union where two unliker mycelia fuse and the 
protoplasm of both flows out to form a cyst between the original cells. 
Urophlyctis pulposa attacks leaves and stems of Chenopodium and 
A triplex species. U. alfdjm grows in the roots of the alfalfa in 
South America and Germany. 

Family 5. Ancyclistace^.— This is a small family consisting 
of fungi whose mycelium is very slightly developed and not easily 
distinguished from the fruit body. In one subfamily Lagenide^,, 
the mycelium is entirely absent. In the Ancychste.®, there is a 
rich development of the mycelium which forms lateral tube-like 
branches, which penetrate other cells. The fruit bodies are sac-like 
and give rise to zoospores. Sexual organs are present as antheridia 
and oogonia, the contents of the former passing over completely into 
the latter. The oospore, which is formed, is found free in the oogonium. 
All of the known members of this family are endophytic parasites and 
the different stages of their development are short-lived. 

Lagenidium entophytum lives in the zygospores of species of Spiro^ 
gyra. L. Rabenhorstii parasitizes the cells of Spirogyraj Mesocarpus, 
Mougeotia. L. pygmmm lives in the pollen grains of diverse species 
of Pinus. 
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HIGHER FUNGI 

SUBCLASS MYCOMYCETES 

The higher true fungi are characterized by a mycelium in which the 
hyphs, as a rule, are permanently multicellular by the formation of trans- 
verse septa dividing the hyphal length into short cells. Some mycolo- 
gists, among them B ref eld, think it important to call the fungi which 
are transitional between the Phycomycetes and the Mycomycetes 
proper by the name MESOMYCETES, but the distinction between 
these intermediate forms and the higher fungi, being at times difficult 
to make, the writer has thought it best not to use the name MESOMY- 
CETES, as that of a subclass. The student will see the justice of this 
viewpoint as the discussion proceeds. 

Of unsatisfactory position in the fungous system are two families 
of fungi, which Brefeld includes in the subclass MESOMYCETES, 
which will illustrate his point of view as to transitional forms. Under 
HEMIASCINE^, as a suborder, he includes the families Ascoideace.® 
and PROTOMYCETACE^. Englef considers that these families have a 
doubtful systematic position. They show affinity to the PHYCOMY- 
CETES, and yet, they have septate hyphae and a sporangium, known 
as an ascus, which contains an indefinite number of spores, hence their 
closer affinity to the fungi of the order ASCOMYCETALES. The first 
family is represented by Ascoidea rubescens which lives on wounded 
beech tree trunks, particularly in the sap which flows from the wounds. 
It forms a brown felt-like growth. The richly septate hyphae cut off 
laterally and terminally conidiospores and sporangia are formed in 
a series, so that as the numerous derby-hat-shaped spores are dis- 
charged and the sporangium is emptied of its contents a new sporangium 
forms inside of the walls of the old one, so that ultimately a sporangium 
may appear to arise out of a receptacle with a wall composed of three 
or four layers. In old cultures, the fruit-bearing hyphze may be united 
to form Coremia. The genus Dipodascus belongs to this family. The 
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[iiiuily pROTOMYCETACE^ is represented by the genera Prolomyces, 
Idonasais and Tkelebolus, Prolomyces is a genus of fungi parasitic 
ill the higher plants; for example, P, macrosporus lives in Umbelli- 
fI'RF., P> pachydermus in Taraxacum. The coprophilous fungus 
'I'hclMus stercoreus lives on the excrement of rabbits. It has a large 
rounded sporangium surrounded by a cushion of hyphge. Numerous 
;pores suggestive of the moulds are formed within this sporangium. 

ORDKR III. AS COM YC STALES. — The fungi of this order are 
characterized by a mycelium which lives either saprophytically, or 
parasitically, with animals or plants. It has with few exceptions a 
rank, or exuberant, development sometimes with apical growth. ,The 
ihyphae are septate and the cells are uninucleate, or plurinucleate. The 
reproduction of the majority of species is through endogenous spores 
known as ascospores, which are formed in definite numbers, usually 
eight, sometimes less (four, two, one), and sometimes more (sixteen, 
thirty-two, sixty-four, etc.) inside of a sporangium known throughout 
the order as an ascus (dir/cos = wine-skin, water bottle). Frequently, 
they are called sac fungi, because of the sac-like ascus. The asci are 
found either isolated, or more generally, they are in fruit bodies where 
the asci are usually arranged along with the paraphyses between them 
in definite layers, which may be termed ascigeral. The paraphyses 
may assist in the discharge of the spores, but more usually their func- 
tion is that of packing in which they serve also for the protection of 
the adjacent asci. The fruit body is an apothecium, when it is open 
with the ascigeral layer wholly exposed. Such apothecia may be 
platter-like, saucer-shaped, cup-shaped, or goblet-shaped, and either 
sessile, or stalked, the length of the stalks being a variable character. 
The perithecium is a closed fruit body sometimes produced under 
ground where it remains subterranean. It may be entirely closed with 
no opening {clmtocarpous), or it may open by a pore at the top. 
This pore may be borne directly at the top of the rounded perithecium, 
or the perithecium may be drawn out into a larger, or a shorter neck, 
so that it becomes flask-shaped, or bottle-like. A narrow canal may 
lead through the neck, which may be straight, or variously curved. 
Sometimes the paraphyses, which extend through the neck and out 
of the pore, are designated periphyses. As accessory fruit forms, we 
find the conidiospores, which are of various forms, 'and which are 
burnc singly, or in chains, at the ends of vertical hyphae (conidio- 
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phores), or they are inclosed fruit bodies with terminal pores known 
as pycnidia (pycnidium), and in such the conidiospores are ternied 
pycnidiospores, or pycnospores. The hyphae also break up into 3 
disconnected series of spores known as chlamydospores, or the whole 
of the hypha set aside for reproductive purposes may break up into a 
connected series of spores, the oidiospores. Where the conidiophores 
are united together into strands, a coremium is formed. Sclerolia, 
or condensed masses of resting hyph$, are not unusual in the order. 
Certain ascomycetous fungi are lichen fungi, as they are parasitic on 1 
green alg® and with them form the lichen thallus, which bears a certain 
nutritive relation with the organic or inorganic substratum, so that 
we may distinguish the crustaceous, foliose and fruticose kinds of 
lichen thalli. Where such lichen fungi and others of the order ASCOM Y- 
CETALES live on the surface of bark, they are epiphleoidal; where 
I beneath the surface, hypophleoidal; where they live on rock surfaces, 
they are epUithk; in rock holes, hypolithic; and on the surface of the 
earth, they are epigeic; below the surface, hypogeic. The growth on 
the surface of animals is ectozoic, in animals endozok. The growth on 
the surface of leaves and other plant parts is designated epiphytic or 
epiphyllous; inside the plant, as endophytk, or endophyllous. Zoospores 
are never formed in any of the fungi of the order. A few are aquatic. 

That sexuality exists in forms of the ASCOMYCETALES has been 
determined only recently and these discoveries confirm the views of 
de Bary, who claimed that the process existed in this order, although 
B ref eld and his disciples claimed the contrary. Thanks to the epoch- 
making research of R. A. Harper, seconded by that of Claussen, J. 
P. Lotsy, Baur, Darbishire, Guillermond and others, the fact that 
sexuality exists has been proven indubitably. The first type displayed 
by Pyronema, Boudiera and related genera is where a multinucieate 
carpogonium with a trichogyne is fertilized by a multinucieate 
antheridium. A uninucleate antheridium unites with a uninucleate 
oogonium in the Erysiphace.?:. The sexual organs are more or less 
reduced in many genera and in some of the ASCOMYCETALES, 
they are wanting completely. In the development of the sexual 
organs and in the behavior of the egg-cell, there is represented here a 
t3q>e of sexual reproduction which has its closest parallel in the red 
algse (RHODOPHYCE^), There is a suggestive similarity between 
the structure of the sexual organs and the process of development 
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I (, Slowing fecundation in Spharotheca, Pyronema and CoUemaf and in 
^llch red algse as Batrachospermum, Nemalion and Dudremaya. A 
j;]<etch of the process will not be amiss. The antheridia and oogonia 
arise in Pyronema from the apical cells of thick hyphal branches, 
vhich arise vertically from the substratum. These organs stand side 
tn' side. Soon a trichogyne is formed on the oogonium, as a papillar 
outgrowth, and subsequently it is cut off from the oogonium proper by 
a transverse wall. The antheridium and oogonium are multinucleate 
from the start and a broad stalk cell is cut off from the base of the 
oogonium. The tip of the trichogyne curves over to meet the tips of 
the antheridium, and the wall between them is dissolved enough to 
form a pore by which the cytoplasm of one organ becomes continuous 
with the cytoplasm of the trichogyne in which the nuclei have already 
rlisintegrated. The antheridial nuclei migrate into the trichogyne, and 
while this is happening the nuclei of the oogonium move to the center, 
where they become collected into a dense, hollow sphere. Now the 
basal wall of the trichogyne breaks down and the antheridial nuclei 
pass into the oogonium and become mingled with those of the egg cell. 
The antheridia and carpogonial nuclei now become paired without 
fusing. Out of the oogonium grow ascogenous hyphae and the paired 
nuclei pass into them. The young ascus develops from a penultimate 
cell of a bent ascogenous hypha with two nuclei which fuse, after the 
ascus has been formed and this fusion represents a sexual process. The 
end cell of the ascogenous hypha and the stalk cell are uninucleate, 
and these two cells may fuse to form a binucleate cell out of which a 
penultimate cell may arise. This single nucleus of the ascus then 
divides to form the series of eight ascospores usually found in the ascus. 
The synapsis stage of this single nucleus is immediately followed by a 
reduction division. 

Claussen^ has found that the formation of the ascus is not as simple 
a process, as described by Harper, and he has added materially to our 
knowledge by his reinvestigation of Pyronema conjluens (Figs. 38, 39 
and ^0). He finds that the conjugate nuclei do not fuse in the asco- 
gonium (carpogonium), nor in the ascogenous hyphae, nor in the pen- 
ultimate cell, nor when the tip cell of the ascogenous hook fuses with 
die stalk cell to form a binucleate cell. He finds th*at the penultimate 

* Claussen, P.; Zur Entwickelungsgeschichte der Ascomyceten, Pyrooeraa con- 
Hiiens. Zeitscrift fur Botanik, 4, Jahrgang, Heft: 1-64 with 6 plates. 
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cell may proliferate a new hook with penultimate, tip and stalk cells 




and this another, and during 
this process of proliferation, 
the nuclei derived by descent 
from the antheridial nuclei 
remain distinct from those 
of the ascogonium (carpogo- 
n i um) . E ven th e two nuclei 
derived from the tip and 
stalk cells show this dih 
erence, and their descendants 
remain distinct with the pro- 
liferation of a new hook wiili 
stalk cell The series of ac- 



companying figures taken 
from the paper by P. 
Claussen will enable the 
student to understand the 
process better than a lengthy 
description. 


The antheridia and 



oogonia of Sphterotheca arise 
as lateral branches of neigh- 
boring mycelial filaments. 
The oogonium is cut off from 
the rest of the hypha by a 
transverse septa, and pos- 



Fig. 3S. — Diagrammatic representation of the 
observed methods of Ascus formation. (After 
Claussen, Zur Hniwkklunssjgeschicle den Ascomy- 
ceien, Pyronema confluens, Zeiischr. fiir Bolanik 
4 Jahrh,, 1912.) 


sesses a single nucleus. The 
antheridial branch appears 
quite near its base and grows 
upward pressed closely to the 
side of the oogonium. The 
antheridial cell with one 
nucleus is also cut off by a 
transverse septum. This 
nucleus now divides and one 
of the two nuclei passes into 
the attenuated end of the 
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^ntheridmm, which is cut off by a partition wall. The walls 
between the two organs are dissolved and the male nucleus passes 
hrough the opening formed wanders toward the egg nucleus with 
^^h^ch it fuses. Immediately after fertilization, the oogonium begins 
teady growth, and some of the outer cells formed become the cover 





39. — Diagrammatic representation of the development of the ascogenous- 
hyphal system. {Afier Claussen.) 

cells of the perithecium. But ascogenous hyphae are formed, which 
contain two nuclei, then four nuclei by division with karyokinetic 
figures. Two of the nuclei wander to the curved side and this is cut 
by two partition walls to form the binucleated penultimate cell, 
which liecomes the mother cell of the ascus. The two nuclei of the 
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ascus now unite. The fusion or nucleus then divides to form those 
of the eight ascospores, and the walls of the perithecium grow to inclose 
the asci thus formed, including the paraphyses, which develop betweee 
the asci. 

All of the typic ASCOMYCETALES have uninucleate hyphal cclk, 
while the ascogenous hyphse are binucleate, and in this case the nucleus 
has a double chromosome number. Hence is suggested an alternation 
of generations. 

The life cycle of Pyronema may be displayed in a graphic form 
beginning with the ascospore and ending with its production again. 
The diploid, or twenty-four chromosome condition, may be repre- 
sented by the double lines. This life cycle is contrasted with th 
well-known one of the fern where a well-marked alternation of genera- 
tion is shown. 


(After Claussen) Pyronema 
Spore 

]. 

Mycelium 


Fern 
Spore 

I 

Prothalluim 

. / \ 

Antheridium Archegonium 

I I 

Spermatozoid Egg cell 

I I 

Sperm nucleus [^Egg nucleus 


Sporophyte 

i I 

Spore mother cell 



4 Spores 


, / \ 

Antheridium Ascogonium 

1 I 
I T 

Antheridium Ascogonium 
(Sperm) Nucleus (Egg) Nucleus 



Ascogenous hyphae 


Uninucleate ascus 



4 Nucleate ascus 


Brown, in his studies of Leoiia, has shown that the asci are formeii 
at the tips of the ascogenous hyphae in several different ways {Fig- 
41), In some cases, to quote him, hypha forms a typical hook. 
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Fig. 41 ~9, Vegetative hyphs giving rise to storage cell; lO, paraphyses grow- 
ing out from storage cells; 11-14, fusion of nuclei in storage cell; 15, 16, nucleus with 
two nucleoli in storage cell; 17, large storage cell with single very large nucleus; 18. 
storage cell with very irregularly shaped nucleus; 19, storage cell containing one 
large and two small nuclei; 20, an irregularly shaped storage cell; 21, 22, Up of as- 
cogenous hypha with two nuclei; 23, two nuclei in tip of hypha have divided to four; 
24, walls have come in, separating sister nuclei; 25, hook in which there is no wall 
cutting off uninucleate ultimate cell; 26, hook in which two nuclei have fused tn 
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I (insisting of a binucleate penultimate and a uninucleate ultimate and 
;i 111 (.“penultimate cell In this case, the two nuclei of the penultimate 
( ell may fuse to form the nucleus of an ascus, or they may divide and 
(rive rise to four nuclei of another hook. The uninucleate ultimate 
ci'll usually grows down and fuses with the antepenultimate cell, 
after which the nuclei of the two cells may give rise to the nuclei of 
another book or they may fuse to form an ascus. The walls separating 
itlie nuclei may fail to be formed without affecting the fate of the nuclei. 
In this process there is a conjugate division comparable to that in the 
Irusts. Frequently the ascogenous hyphae do not become markedly 
ibent, and in this case, when the two nuclei in the tip divide, a wall 
: may separate two pairs of sisters. Either of these pairs may divide 
and give rise to the nuclei of another hook or fuse to form the nucleus 
of an ascus. Any of the methods described above by which the number 
of ascL is increased may be repeated many times. Large storage 
cells are formed in rows which give rise to the paraphyses. They are 
at first mullinucleatc but the nuclei fuse as growth proceeds. This 
: process continues until often the cells contain a single very large nucleus 
:many times the size of the largest nucleus in the ascus. The nuclei 
are very irregular.” 

nT.ACKMAN, V. H. AND Fraser, H. C., ]r.“. Fertilization in Sphaerotheca. Annals 
of Hotany, ig: 567-569, 1905. 

Beown, W. H.; The Development of the Asocarp of Leotia. Botanical Gazette, 

50:443-459- 

Clavssen, P. : Zur Entwickelung der Ascomyceten Boudiera. Bot. Zeit., 68 
(1905): Zur Entwickelungsgeschichte der Ascomyceten Pyronema confluens. 
Zeitschrift fur Botanik, 4 Jahrgang, Heft i: 1-64; Ueber neuere Arbeiten zur 
Entwickelungsgeschichte der Ascomyceten. Ber. der. deutsch. Bot. Gesellsch. 
Jahrg., 1906, Band xxiv; 11-38 with complete bibliography. 

Enoler, a. and Gilg, Ernst,: Syllabus der Pflanzenfamilien, 1912; 47. 


furm nucleus of ascus. and lip has fused with stalk of hook; 27, ultimate cell has 
fused with antipcnultiinatc ; nucleus of latter has migrated into former, which is 
growing Out to give rise to ascus or another hook; 28, two nuclei of penultimate cell 
have fused to form nucleus of ascus; ultimate cell has fused with antepenultimate 
and nucleus of latter has migrated into former, which has grown out to form another 
hook; 29, binucleate penultimate cell has given rise to hook; ultimate cell has fused 
w’lth penultimate, and the two nuclei have fused; ultimate cell has not developed 
hut her; 30, binucleate penultimate cell has formed ascus, which fusion product of 
uUimate and antepenultimate has given rise to second ascus; 31, diagram illustrating 
multiplication of number of asci by method shown in 26-30; 9-20 X1400. 21-30 X 

2100. {Aflet Brown, William H„ The Development of the Ascocarp of Leofia. Botanical 
U'.eUc, 50: 443-359, Dee., 1910.) 
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CHAPTER XV 

SAC FUNGI IN PARTICULAR (YEASTS, ETC.) 

Suborder A« Protoasciineae.' — The fungi of this suborder are charac- 
terized by the absence of definite fruit bodies, that is the asci are not 
enclosed, but are free and at the ends of hyphae. Usually they are of 
unequal length. Four is the typical number of ascospores in each 
ascus. These are one-celled and may increase in number by gemmation. 

Family i. Endomycetace^. — This family is a small one of four 
genera of saprophytes and parasites. The two species of the genus 
Podocapaa are parasitic on Mucorace^e, Eremascus albuSy the single 
species of that genus grows on spoilt malt extract. The genus En- 
domyces with five species is represented by the cosmopolitan End(h 
myc.es decipiens, which forms a snow-white parasitic growth on the 
toadstool Armillaria mellea. Its hyphae are branched richly and the 
asci are pear-shaped and borne singly at the ends of the branches, 
each producing four helmet-shaped ascospores, 6 to broad and 5 /^ 
high, Conidiospores are more ’^frequently formed than ascospores. 
Oidiospores are also found, as well, as chlamydospores. Oleina nodosa 
and 0. lateralis are the two species of the fourth genus. The first 
grows in olive oil. 

Family 2. ExoASCACEiE.— This family includes parasitic fungi 
which cause abnormalities of more or less marked character of the 
leaves, fruits and branches of mostly woody plants. The malforma- 
tions are in the nature of witches’ brooms of the smaller branches, 
leaf curls, and deformed fruits, such as the plum pocket. Stone fruits 
are especially subject to attack and in some cases the stone formation 
is suppressed entirely. The mycelium may be deep-seated and 
perennial, or it may be subcuticular, or sometimes found growing 
between the epidermal cells, as in Magnusiella flava, while in other 
forms, the hyphae may be below the epidermis and gcow throughout 
tlie leaf tissue. The asci are generally formed on the surface of the 
host breaking through from the more deep-seated mycelium beneath. 
' bey are generally stalkless and arranged in close proximity to each 
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Other without paraphyses, so that they form a velvety layer on the 
surface of the host plant. Eight ascosporcs are generally found, as in 
the genus Exoascus^ but in Taphrina {Taphria) the number may be 
increased considerably by budding, so that the whole ascus will be 



Fig. 42. — Exoascus and Taphrina. A~F, Exoascus pruni, A. Appearance on 
diseased twig; B, cross-section of diseased fruit; C, rnycelium in tissues of host; D, 
young aset; E, mature ascus with spores; F, germination of spores; G, E, Exoascus 
alnitnrquu-s; H, Taphrina aurea, ripe and unripe asci; J, Taphrina Sadebeckii. See 
Di« naturlichen BJlanzenfamilun I. i, p. 159, 


crammed full of them (Fig. 42). The ascospores are generally ellip- 
soidal and always one-celled with colorless, yellow, or orange contents. 

The perennial mycelium is responsible for the formation of witches' 
brooms in a variety of trees and woody plants. Most of them are the 
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result of the parasitism of species of Exoascus. The '‘hexenbesen” 
are brush-like, or tufted masses of branches, which suggest the presence 
of other plants (like the mistletoe) parasitically or epiphytically 
growing. They result mainly by the infection of a bud which de- 
velops a branch with increased growth. On this branch, all dormant 
buds are stimulated to activity and the whole infected system of 
branches consists of negatively geo tropic branches. These brush- 
like excrescences are called the thunder-bushes, and are sometimes 
nest'Uke in appearance. An anatomic study shows that the parenchy- 
matous tissues— -pith, hypodermis, etc.— are greatly increased;, wood 
and bark are traversed by abnormally broad medullary rays, the ducts 
have short members, the wood fibers wide lumina, which are sometimes 
thin- walled and septate. The bast fibers are few, or entirely wanting. 
The cork cells are enlarged and retain their protoplasmic contents a 
longer time. The form of the witches’ brooms are various. Many 
of them are pendent, some are nest-like, owing to the death of some of 
the branches. In some* the branches are elongated, while some have 
short twigs. The end of the original branch from which the lateral 
branches developed usually dies and its food substances are absorbed 
by the hypertrophied branches. The family includes three genera, 
distinguished, as follows: 

A. Asci found at the end of intercellular mycelial branches. 

I. Magnusiella. 

B. Asci developed on a more or less subcuticular ascogenous mycel- 
ium. 

(a) Asci eight- (exceptionally four-) spored. 2. Exoascus, 

(b) Asci many-spored by gemmation of the spores. 3. Taphrina. 

The genus Magnusiella comprises five species, four of which are found, 
in Europe and two in America. Magnusiella jiava forms small pale 
yellow specks on the leaves of the gray birch, Betula populifolia in 
North America. The genus Exoascus includes about thirty species 
arranged in two subgenera, the first of which includes those species which 
deform fruits, which form witches’ brooms, and the second those which 
cause a spotting of the leaves of various plants. It would lengthen 
this book unduly to enumerate all of the species of ’Exoascus with an 
account of the deformities of branches and fruits which they produce. 
Only a few of the more important species will be enumerated here, 
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and the diseases which they cause will be described later. Exoauus 
pruni (Fig. 42) is the cause of an important disease of plum trees, 
producing the so-called plum pockets. It also attacks Pfunus domesim 
and P. padus in middle Europe, and P. domestica and P. virginiana in 
North America. Exoascus communis attacks the fruits of several 
American species of Prunus among them P. maritima. Exoascus 
alnitorquus infests the pistillate spikes and cones of species of alder 
{Alnus), such as Alnus glutinosa and A. incana in middle Europe, and 
A. incana and A. rubra in North America,' causing an enlargement of 
the fruit scales into twisted, tongue-like, reddish outgrowths, Exoascits 
deformans is the cause of peach-leaf curl. Exoascus ccrasi is responsible 
for the formation of witches’ brooms on the cherry. The genus 
Taphrina causes witches’ brooms and leaf spots. Taphrina purpuras- 
cens attacks the leaves of a North American sumac, Rhus copallina, 
causing a puckering of the leaves with the formation of a reddish- 
purple color, r. aurea (Fig. 42) forms yellow blotches on the leaves of 
several European and North American poplars, viz., Poptdus nigra and 
P. iialica of Europe, and P. Fremontii, P. grandidcntata and P. deltoides 
of North America. P. Laurencia causes witches’ brooms on a fern in 
Ceylon, Fieris quadriaurita. 

Suborder B. Saccharomycetiinese — A true filamentous mycelium 
is absent in the fungi of this suborder. The plants are single-celled 
and reproduce by budding, or gemmation. Occasionally under ex- 
perimental treatment where the culture media are varied, the cells 
develop into hyphae and to’gether form a mycelioid growth. Spore 
formation consists in a single cell, developing one to eight spores. 
It, therefore, may be looked upon as an ascus and the spores are as- 
cospores. Many of them cause fermentation. 

Family i. SACCHAnoMYCETACE.E,"-Many species of the genus 
Saccharomyces are called generically yeasts, and are of economic 
importance, because they induce the alcoholic fermentation of car- 
bohydrate substances. The action is accompVshed through a soluble 
enzyme formed in the protoplasm of the yeast cell, and first isolated 
by Buchner by grinding the yeast cells in sand and extracting the 
ferment zymase. The general shape of yeast cells is oval, ellipsoidal, 
and pyriform (Figs. 43, 44). The cell wall is well defined and consists 
of modified forms of cellulose which may be called fungous cellulose, 
because it does not react to the reagents used for true cellulose. This 
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nuich can be said that the wall consists of a carbohydrate, probably 
some isomer of cellulose. Lining the inner surface of the cell wall is a 
laver of protoplasm which may be called the ectoplasm, which probably 
serves as an osmotic membrane. The cytoplasm fills the rest of the cell 
with the exception of spaces occupied by the vacuoles of glycogen, 
nuclear vacuoles, oil globules, the nucleus and nuclear granules. The 
glycogen is gradually used up as it probably serves as reserve food, 
the same as starch in the higher plants. These glycogen vacuoles 
generally coalesce until one large vacuole may almost fill the cell, 



Fig. 43. Fig. 44. 

Fig. 43.- — ^Yeast cell, Saccharomyces cerevisice, (AfUr Marshall.) 

Fig. 44.— -Yeast, Saccharomyces cerevisia. i-io, Young cells with nucleus, 
showing its structure; 6-8, division of nucleus; 11-13, cells after twenty-four hours’ 
fermentation with large glycogenic vacuole filled with lightly colored grains. {After 
Marshall, Microbiology, Second edition, p. 62.) 

the cytoplasm and nuclear bodies being pressed against the cell wall 
and forming a thin protoplasmic lining to the inner cell wall surface. 
Wager^ in 1898 demonstrated the nuclear apparatus in a number of 
yeast species. The nuclear apparatus consists in the earliest stages of 
fermentation of a nucleolus in close touch with a vacuole (Fig. 44, No. 4) 
which includes a granular chromatin network, suggesting a similar struc- 
ture in the higher plants. The vacuole may disappear and then the 
chromatin granules are scattered through the protoplasm, or are gathered 
around the nucleolus, which is present in all of the cells, as a perfectly 
homogeneous body. Numerous chromatin vacuoles are often found 

' Wagek, Harold: The Nucleus of the Yeast Plant.' The Annals of Botany 
xii; 400-539. 
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in young cells and these ultimately fuse to form a single vacuole wliicli 
occurs in the cells during the earlier and the later fermentation. The 
process of budding is associated with the stretching of a network of nu. 
clear granules and its final constriction in the neck between the mother 
and the daughter cell. The nucleolus moves to the constriction where 
it becomes dumbbell- 
shaped, one half press- 
ing into the daughter 
cell (Figs. 44 and 45)- 
There are no stages of 
karyokinesis dis- 
played, but by the sim- 

pie process described Nj} 'W ^ G- 

above the daughter 
cell receives approxi- 
mately one-half of the 
nuclear substance of 




Pig. 45. Fig. 4O. 

Fig. 45. — Young yeast cells, Saccharomyces cUipsoideus, with nuclei and division 
of nuclei. (After Marshall, Microbiology, Second edition, p. 64,) 

Fig. 46, — Yeast, Saccharomyces cerevisice, the variety known as brewers’ bottom 
yeast; 0, spore formation; b, elongated cells. (After Schneider, Pharmaceutical Bat- 
leriology, p. 144.) 


the mother cell. In spore formation, the chromation which is scattered 
through the cytoplasm is absorbed more or less completely into the 
nucleolus which elongates and divides by a constriction in its middle 
part. Subsequent divisions result in the formation of four nucleoli 
around which protoplasm collects and thin membranes which become 
the walls of the ascospores which remain atfirst small, but later increase 
in size (Fig. 46). The formation of spores can be secured by taking 
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[I sterile block of plaster of Paris with a saucer-shaped hollow on 
trip. This block is placed in sterilized water and the lop is seeded 
with vigorous, young well-nourished yeast plants which develop spores 
[f kept at 25°C., in from twenty-four to forty-eight hours. The tem- 
perature at which spore formation occurs and the time which it takes 
for sporulation are points which have been obtained by experimenta- 
lion for all the more important species of yeasts. The data which has 
been obtained is used in the physiologic diagnosis, or identification of 
the various kinds of SACCHAROMYCETACEiE, which react differently 
under experimental treatment. Film formation is also of diagnostic 
importance, where economic yeasts form floating films on the nutrient 
liquid media in which they are grown. The time 
required for the development of the film differs, 
other conditions being’ equal, with the species of 
the yeast and is longer the lower the temperature 
of the culture. Hansen obtained the following data 
ioxSaccharomycescermsm] 

Film formation takes place at: 



33“ to 34“C, in about 9 to 18 days. 

20° to 28°C. in about 7 to ii days. 

13“ to in about 15 to 30 days. 

6” to 70°C. in about 2 to 3 months. 


Pig. 47. — Yeast, 
Saccharomyces cerevi. 
sice, showing repro- 
duction by germina- 
tion, or budding; a, 
single cells; b, bud- 
ding cells. {Afkr 
Conn, Agricultural 
Bacleriology, p. 8.) 


No formation of film occurred above 34°C.or below 
5T, Another point of importance is that species 
of Saccharomyces form films so that this process is 
not entirely associated with the fungi belonging to the so-called genus 
Mycoderma. In fact some authors recognizing that Saccharomyces 
cerevisw (Fig. 47) produced films have named that yeast, Mycoderma 
cerensiCB, and have thus confused its identity. 

Hansen in a paper published in 1888 classified the yeasts essentially, 
as follows: 


T. Species which ferment dextrose, maltose, saccharose: Saccharo- ' 
myces cermsice /, S, Pastorianus 1 , S. Fastorianus II, S. Fastorianm 
lU, S. ellipsoideus I, S. ellipsoideus II. 

2. Species which ferment dextrose and saccharose, but not maltose: 
Saccharomyces Marxianus, S. exiguus, S. Ludmgii S. saturnus. 

.3. Species which ferment dextrose, but neither saccharose nor 
maltose; Saccharomyces mali Duclauxii. 
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4. Species which ferment dextrose and maltose, but not saccharose 
Saccharomyces n. sp. obtained from stomach of bee by Klocker. 

5. Species which ferment neither maltose, dextrose nor saccharose: 
Saccharomyces anomalus var belgicuSf S. farinosuSf S. hydosporus, 5 . 
membranifaciens. 

The general chemic phenomena associated with the formation of 
alcohol by fermentation out of sugar may be expressed by the formula; 

C6H12O6 ~ sCaHgO 2CO2 

Alcohol C^rl»n 
dioxide 

The carbon dioxide passes ofi in bubbles as a gas, while the alcohol 
remains in solution. 

The most important yeast is the beer yeast Saccharomyces cerevi- 
sice which is a unicellular plant of spheric or- elliptic shape 8 to u/i 
long and 8 to lOjj broad. Sometimes the cells formed by budding 
remain connected to form a chain consisting of the mother, daughter, 
granddaughter and great-granddaughter cells. Spore formation is 
characteristic and the size of the spores varies from 2.5 to 6ju. There 
are usually four spores in each cell. The following gives the tempera- 
ture conditions of spore formation in this species: 

At 9°C. no spores develop. 

At ii® to i2®C. the first indications are seen after 10 days. 

At jo^C. the first indications are seen after 20 hours. 

At 36® to 37”C. the first indications are seen after 29 hours. 

At 37.5°C. no spores develop. 

The temperature limits for film formation are 33*^ to 34®C. and 6° 
to fC. There are a number of races of the common beer yeast, which 
may be separated into the bottom yeasts and the top yeasts. The bot- 
tom yeasts are those which live within the liquid and mostly at the 
bottom even from the start. Some of these yeasts form spores with 
difficulty. The top fermentation yeasts are those which grow on the 
surface of the liquid and cause a brisk fermentation with a large amount 
of froth, or head, as exemplified by the Munich lager-beer yeasts. 
Yeasts- are among the oldest of cultivated plants, as in biblical times 
leavened (yeast-raised) and unleavened bread were known. The 
leaven was a lump of dough kept from one baking to the next. Un- 
leavened bread was simply flour mixed with water and baked, and as 
a result, a hard tough bread was obtained. The use of yeast as a 
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-(.•<rter began in Roman timeS; but the art was lost until the seventeenth 
cntury, when it was regained. One of the earliest methods of obtain- 
iig yeast was salt raising, which consisted in adding to a quantity of 
milk a little salt sufficient to delay the growth of bacteria, while the 
veast found entrance to the milk through the air and grew rapidly. 
This milk was then mixed with dough for the raising process. Bakers 
also sometimes used a brew called barms. Scotch barms were prepared 
by taking hops and flour with other ingredients which were allowed to 



Pic, 48. — Saccharomyces ellipsoideus. A common yeast in jams, jellies, etc. 
Budding process is shown in many of the cells as also the vacuoles. Fig. 66, p. 145, 
Schneider, Pharmaceutical Bacteriology, 1912. 

ferment spontaneously, and the fermented material was used in 
bread baking (see page 667). 

^accharomyces ellipsoideus (Fig. 48) is known as the wine yeast and 
may be classed as a wild species, while the beer yeast is found only in 
cultivation. The vegetative cells are ellipsoidal long, single, or 
united into a row of loosely connected cells. The cells are two- to four- 
spored. The spores are spheric 2 to 4/i broad. It is important in the 
fermentation of grape juice, gaining entrance from the skin of the 
gr:ii)e fruit upon which it lives. In the spore form, it Overwinters in 
the soil, being blown as dust to the developing grape fruits. The 
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bouquet, or flavor of the wine seems to be due to the variety of wijK 
yeast used in the fermentation of the juice, for every wine-producing 
region seems to have its especial form of wine yeast and the growth is 
different. Some yeasts, such as those of Burgundy and Champagne 
form a compact sediment, which quickly settles leaving the liquid 
clear, while others remain for a long time suspended and settle slowly. ' 
Sacckaromyces ellipsoideus // is a very dangerous disease yeast, prodiit 
ing turbidity in the liquid of bottom fermentation breweries. 

Sacckaromyces Pastorianus I was first discovered in the dust of j 
Copenhagen brewery and also in diseased beer. Its growth in woit 
consists of sausage- shaped cells. 5 . Pastoriams II produces a feebfe 
top fermentation. 5 . Pastoriams III was found in bottom fermenta- 
tion beer affected with yeast turbidity. 

Sacckaromyces ilicis and S. aquifoUi were found on the fruits of the 
holly, Ilex aquifolium. 

Sacckaromyces Vordemanni is similar in appearance to wine yeast 
its cells being onion-shaped, or pear-shaped. It is present in Raggi, 
which is employed in Java in the manufacture of arrack. It forms 5 
to 10 per cent, alcohol. 

Sacckaromyces pyriformis was discovered by H. Marshall Ward lobe 
active in the formation of ginger beer in conjunction with Bacierm 
vermiforme, for when these organisms are added to a sugar solution 
containing ginger, an acid beverage with considerable head is formed 
known as ginger beer. 

Sacckaromyces exiguus occurs in pressed yeast, and it is- capable oi 
developing considerable alcohol from dextrose and saccharose solutions. 
Saccharomyces anomalus has been found in impure brewery yeast 
in Hungary, also in Belgian beer, on green malt, on bran, in syrup ol 
Althsea, in soil, and on plum fruits. It ferments wort readily forming 
a gray film, a turbidity in the liquid, and an odor like fruit ether. 
The spores are helmet-shaped, suggesting those of Endomyces decipieni, 
which is parasitic on the caps of Armillaria mellea^ a toadstool. Saeck- 
romyces membranifaciens grows in a gelatinous mass on the injured rook 
of elm trees, in polluted water, and in white wines, where it destroys the 
bouquet of the wine. It completely consumes acetic and succiiiit 
acids, and quickly forms gray corrugated films on the surface of wort. 
The organisms of Kefir are Sacckaromyces cartilaginosus and S.Jrop^^^ 
Kefir is a beverage prepared originally in the Caucasus region by fer- 
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K nting tnUk. Keftr grains, which include the above yeasts, a T orula, 
i(] ^ bacteria {Bacillus caucasicus, etc.) arc added to the milk as a 
arlcr, The fermentation of the milk results in the formation of alcohol 
ctic acid and carbonic acid, Mazum (Matzoon) an Armenian drink, 
prepared by adding a white, fatty cheese-like mass, to milk. The 
arter includes colored yeasts Oidium lactis, mould fungi, a yellow 
arcina. Bacillus subtilis^ some cocci, Bacterium acidi lactici and Saccharo- 
vcei anomalus. The only species of yeast, which can be recognized 
a mediately by microscopic examination, is Sacckaromyces Ludmgii, 
ith its lemon-shaped vegetative cells, on the point of which a wart 
akes its appearance, which is cut off by a septum from the rest of the 
;!1. This species is transitional to those included in the genus Schizo- 
iccharomyces. The form of Sacckaromyces Ludwigii suggests 5 . 
Hculaius, which is unequally dumbbell-shaped. The genus Tonda 
xording to Hansen includes yeasts similar to Sacckaromyces, but 
hich do not form endospores, a typical mould growth, and which 
•oduce alcohol in all percentages. They are widely distributed in 
iture. 

Schroter in Engler’s “Die natiirlichen Pfianzenfamilien” recognizes 
\ly two genera in the yeast family, namely, Sacckaromyces and Mono- 
>ora. The reproductive cells of the former have two to eight (seldom 
le to three) spores and the spores are spheric, or ellipsoidal, while the 
iedle-shaped spores of Monospora are borne singly in reproductive 
■lls, or asci. Hansen^ considers Monospora to be a doubtful form of 
iast {Sacckaromyces doulcuoi), as also the genus Nematospora, He 
cognizes the following genera: Sacckaromyces, whose spores have a 
ngle membrane and the cells reproduce by h\idd\ng‘,Zygosaccharomyces, 
here the asci are associated with conjugation; Saccharomy codes, whose 
Jores have one membrane and sprout into a promycelium; Saccharo- 
ycopsis, whose spores have two membranes; Pickia with hemispheric 
■ angular spores and Villia with citron-shaped spores. Lafar in his 
jok on “Technical Mycology” (IT, part 2, page 274) gives an analytic 
iinmary of the genera which he believes should be recognized. The 
)sition of such genera as Zygosaccharomyces, Sacckaromycopsis, 
■hizosacckaromyces with respect to nearly related fungi is presented 
discussed with a diagrammatic scheme of relationship by 

‘Hansen, E. Chr.; Grundlinien zur Systematik der Saccharomyceten. Centr. 
Hak., 1904. 
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• Guillermond,^ who suggests the probable evolution of such forms from 
Eremascus and Endomyces. Dr. H. Will discusses in Lafar’s book 
the family Torulace^, species of which are widely disseminated ou 
field and garden fruits and on plants of all kinds finding suitable condi- 
tions for their growth during the decay of these fruits, and during the 
technic processes of fruit preservation, such as the making of pickles 
and sauerkraut. A number of them will no doubt prove to be budding 
stages of other fungi for our knowledge of them is decidedly imperfect. 
The character of the so-called pink yeast, red yeast, and black yeast k 
even less well known. As they are budding fungi, some have ev6n 
classed them with the genus Sacchuromyces. The genus Mycoderma 
was created to include the budding fungi, which form true films and 
which are formed rapidly on nutrient liquids, particularly on beer 
and wine with air between the cells, which are usually short and sau- 
sage-shaped. They are strongly aerobic and form, when exposed to 
the air, a wrinkled skin on the surface of the liquid. Like the true wine 
yeasts, these various species of Mycoderma have their natural habitat 
in the soil and they are carried to their appropriate nutrient substances 
by insects, rain or wind. They are probably not true yeast plants, but 
may represent growth conditions of other fungi, as related to certain 
nutrient materials. Curious chemic activities are possessed by species 
of My coderma j for example, the formation of acids and their destruc- 
tion both at the same time. Citric and succinic acids for example are 
consumed by them. 

* Guii-Lermond, M. a.: Recherches Cytologiques et Taxonomiques sur !es 
Endomycetees. Revue Generale de Botanique, 21; 401-419, 1909. 
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Suborder C. Plectasciine®, — This suborder includes fungi with a 
,vcll-developed mycelium on which are developed either on the surface 
)f-the substratum or within it, as in the subterranean forms, closed 
jerithecia without an opening at the top. The wall of the perithecium 
s sometimes called the peridium. The asci are developed on hyphse 
)f irregular branching, and in considerable numbers, forming irregular 
ayers of the perithecial interior. Each ascus is rounded and three- to 
hght-spored. The spores are one- to many-celied. Condioapores 
■jccur in a few of the forms, such as Aspergillus jMeliola and Penicillium. 
Many of the fungi of this suborder are saprophytic, but some are de- 
:idedly parasitic, as Thidana basicola, which destroys the roots of pea 
slants by its parasitic growth and species of the families Terpeziace^ 
iiid Elaphoiotcetace^, the mycelia of which form mycorrhiza with 
roots of flowering plants. Economically, the suborder is interesting, 
because it includes the common blue and green moulds and species of 
Aspergillus used in the fermentation industries. The fruit bodies 
of several kinds of Terfezia are used as food by the Arabs of North 
Africa, Arabia, Syria and Mesopotamia. 

Family i. Gymnoascace^.— The fungi of this family are of interest, 
because of the structure of their fruit bodies. In the genus GymnoascuSy 
the spheric asci arise on short lateral branches of hyphae which form a 
dense rounded mass inclosed by loosely branching hyphae, which form 
a basket-like inclosure of the ascus-bearing portion Gymnoascus Reesii 
is coprophilous. Some of the shorter branches of this outer envelop- 
ment are sharp-pointed and spiny. Ctenomyces serratus, the single 
representative of its genus, grows on decaying bird feathers. It 
bus branches with short hook-like extremities. The fruit body in this 
fungus is similarly rounded and covered with hyphse that form an 
open basket-like peridium. 

Iamily 2. Aspergillace^. — This family includes fourteen 
jenera, the most important of which are Aspergillus, Penicillium and 
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Tkielavia. The perithecia are never subterranean. They are usually 
small, spheric, usually closed, and their walls are made up of pseu(i<i- 
parenchymatous hyphae. They rarely open by a pore, more usually 
they break up at maturity to allow the escape of the ascospores. The 
inclosed asci are spheric to pear-shaped and two- to eight-spored. 

The moulds of the genus Aspergillus (Figs. 49 and 50) are usually 
saprophytic, and are found upon decaying vegetables, moldy corn and 
other cereals. After the conidiospores are formed, the color of the 
mould develops and various shades of green, white, blackish-brown, 
brownish-yellow, brown and reddish are found in the different species 
of the genus. The recognition of this genus is made easy by the shape 
of the conidiophores, which are elongated unicellular (unseptate) and 
terminate in a globular swelling, the top of which is covered with a large 
number of closely set stalks, or sterigmata, of variable length and shape 
on which the conidiospores develop. In the related genus Skrigmato- 
cysHs, the sterigmata are branched (Fig. 51). The conidiospores are 
spheric, or ellipsoidal, always unicellular with smooth or granular 
walls, and are formed in long chains (concatenation) from each sterigma 
imparting the characteristic color to the whole growth. The perithecia 
are fragile spheres with thin walls which may be yellow {A. kerhari- 
orum) dark red {A. pseudo-clavaius), or even black (T. futnigatus] 
in color. The perithecia and asci are unknown in many of the species, 
so that the classification of the species cannot be based on the characters 
of that organ and of the ascospores. Only about six to ten species are 
known to have perithecia out of a possible total number of 120 species 
included in the genus. This number will probably be considerably 
reduced when these moulds are better known. The accompanying 
figures show some of the specific differences of the conidiophores and 
conidiospore production. The common green mould, Aspergillus 
herbariorum (= Aspergillus glaucus, Euroiium Aspergillus glaucus) 
grows on many substances such as dried plants in the herbarium, 
(hence its specific name), on old black bread (pumpernickel), on jellies, 
on jams, on old leather, on herring pickle and other objects of domestic 
use. At first the mycelium is white and as the young conidiospores begin 
to form it turns to a pale green, later becoming a dirty grayish green, 
while the feeding hyph® change color to a pale yellow and finally a 
brown color by the deposit of pigment granules. The globular part of 
the conidiophore is 6oju across and crowded with simple sterigmata 
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(y/i by 14/i), bearing prickly, spheric conidiospores 7 to 30^ in diameter 
which are larger than any other well-known species. It produces 
perithecia also with readiness and in abundance. The at first pale 
brown-yellow perithecia, later brown, are about too to 200M in diame- 
ter in closing numerous asci which contain five to eight colorless 
smooth ellipsoidal spores, exhibiting a furrow directed longitudinally 
and 5 to 8 fi broad by 7 to lo/x long. The perithecium develops gradu- 
ally from spirally coiled hyphae. The hyphee of the screw are divided 



Fig. 4g.— Aspergillus oryza associated with yeasts in the making of the Japanese 
beverage Sak^. Vegetative hyph® (a) and spore-forming hyphae (ft, c, d) are shown. 
Fig. 71, p. 152. (Schneider, Pharmticeulical Bacteriology, 1912, 19.) 


transversely into as many cells as there are turns of the screw. The 
bottom hyphal cells of the screw send up two or three branches of 
irregular thickness which grow toward the apex. One of these branches 
looked upon as an antheridium grows more rapidly than the others and 
Hs contents serve to impregnate the inclosed carpogone. These outer 
erect hyph® then branch copiously to completely enwlope the carpo- 
gone and the perithecial wall is thus formed. From the carpogone are 
how formed the numerous ascogenous hyphm, which branch plenti- 
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fully and bear terminally asci of a pyriform shape. These contain 
eight grooved ascospores. AspergUliis herhariorum, as a domesiic 
and industrial fungus, is selective. It does not thrive on liquid sac- 
charine media with mineral salts and inorganic nitrogenous food, while 
black bread and wort gelatin are suitable media. Moderate tempera- 
tures (8 to io°C.) are best for its growth, and it ceases growth entirely 
at blood temperatures. The temperature limits are 7° to 30®C; with 
optimum at 20 to 25*^. It grows on tobacco, cigars, hops, cottoH'Seed 
meal, acid pickles, and smoked meats. It causes the blackening and 
spoiling of chestnuts and is found on the kernels of various nuts even 
before they are removed from the shell (see Appendix VII, pages 702 
to 721). 

The rice mould, Aspergillus oryzee (Fig. 49), is of practical impor- 
tance as a saccharifying fungus, and it has been cultivated for centuries 
by the Japanese and used by them in the preparation of the rice mash 
for Sake, as well as in the production of Miso and Soja sauce. It grows 
luxuriantly and is usually yellow-green in color turning brown with age 
with large closely set tough conidiophores about 2 mm. tall. The tops 
of its conidiophores are obovate, or spheric . The sterigmata are radially 
arranged producing yellowish-green spheric conidiospores (6 to in 
chains. The sterigmata are larger than in A . kerbariorum 4 to 5/1 by 12 
to 20M . No perithecia have yet been observed. This mould secretes a 
very active diastase and it has been used in the making of pharmaceutic 
preparations, such as Taka diastase, which is used in the dose of 2 to 5 
grains either in tablet, capsule or solution in cases of indigestion im- 
mediately after meals. It converts the starchy food into dextrin and 
sugar. The discovery of this diastase in Aspergillus was made by 
Takamine, a Japanese zymologist, and his product has been used over 
the civilized world. 

Aspergillus W entiiy which is readily kept in culture on glucose or 
beer wort agar, is used in the preparation of Tas Gu in Java. It appears 
spontaneously on boiled 'soy beans that have been covered with leaves 
of Hibiscus and it causes a loosening and disintegration of the firm 
tissues of the bean. The growth of this species is of a pale cofiee color 
with conspicuous conidiophores about 3 to 3 mm. in height, their thick 
brown heads up to aoopi in diameter are on pale smooth stalks. The end 
of the conidiophore is globular 75 to poju in diameter and is covered 
with slender simple sterigmata (4^ by i5iu) which bear small globular 
, to elongated conidiospores, 4 to 5 ju diameter. The, mycelium at first 
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is snoW' white; later it becomes reddish brown. The discovery of 
ptrithecia is yet to be made. 

Asper^Ultis Jlavus plays an important part in the cocoon disease of 
silkworms. The stipe portion of its conidiophore is roughened by 
colorless granules. 

Aspergillus luchwnsis^ according to Inui, is used in the preparation 
of a beverage Awamori, which resembles whisky and is used in the 
Loochoo islands. 

Aspergilliis tokelau is found in Tokelau, or Samoan disease, attack- 
ing the natives of certain of the Pacific islands. An important patho- 
genic species, which causes an epidemic disease of pigeons and lives in 
the human ear and the lungs of various birds, is Aspergillus fumigalus^ 
which was the cause of a false tuberculosis of a calf in Philadelphia. 
An autopsy by Ravenel and the writer showed the lung tissue of the 
calf penetrated by the mycelial hyphae of the fungus, and its conidio- 
phores bearing the conidiospores in a fan-like manner were seen project- 
ing into the lung cavities almost completely filling them. It, therefore, 
grows well at blood temperature, and if its conidiospores are introduced 
into the arterial circulation of animals they germinate and produce 
serious illness, which may terminate fatally. It also acts injuriously 
in certain fermentation processes carried on at high temperatures as 
certain lactic acid fermentations. It attacks tobacco, decaying 
potatoes, bread, malt and beerwort, It has dwarf conidiophores o.i 
to 0.3 mm. long, with club-shaped globules 10 to 20M thick, upright 
sterigmata 6 to 15/i long and with long chains of conidiospores (2 to 3/1*). 
Nut-brown globular perithecia are found, 250 to 350/i in diameter, in- 
closing oval thin-skinned asci (9 to 14^) with eight red lenticular tough- 
walled spores (4 to 4.5/1). As a parasite of the human skin it was called 
Lepidophyton. The green mould, which usually grows on malt, is 
Aspergillus clavatus causing a moulding of the substratum. The largest 
species of the group is Aspergillus giganteus, wMch looks at first super- 
ficially like a Mucor^ but later owing to its grayish-green conidiospores 
it is readily separable from the mucor vegetation. Its sterigmata seem 
to be hollow, communicating with a pore-like opening with the center 
of the conidiophore. No perithecia have been found. Other species 
are A. nidulans (Fig. 50), which can be cultivated readily, A. varians 
and A. osiianus, the latter distinguished by an ochraceous pigment. 
The black mould Aspergillus niger more properly SlerignuUocystis niger 
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(Fig, 51) has a copious literature. Lafar cites forty workers of recent 
date, who have studied it. The pKysictati finds it as an occupant 4 



Fcg. 4 , Mycelivirsi with conidiophores; branched 

coiiidiophore; C, spore chains at end o£ conidiophoiej O, small conidiopbores; fi, 
young fruit showing development of covering; P, hyph$ with swollen ends; G. 
hypha troin intetior o£ f cult-body; U, hyphss with young asci; developing perUhe- 
cium, ( 5 e« Die naiiirlkhen PJlan^enfamiUen L i, p. 302.) 

the human ear in a disease otomycosis. It is associated with the cork 
disease which imparls a taste to bottled wine. It grows well in acid 
substrata, as gall-nut extract, tannic acid and has a decided capadt}' 
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j'nr producing oxalic acid. It has stiff slender conidiophores several 
luillinieters in height. The terminal part can be studied only after 
the bleaching or removal of the dark masses of conidiophores. 




Fig. 51 . — Sterigmaiocystis niger {Aspergillus niger) showing conidiophores and coni- 
Hiospore formation with stages in germination of spores. {Afkr Henri Coupin.) 


The genus Thielavia is represented by a common pathogenic species, 
T hagicola, whose life history and pathogenic character will be de- 



mCOlQQY 


150 

scribed later. It attacks the roots of a large series of plants includhig 
the tobacco, at least 105 species of plants being attacked according to 
the latest account.^ The parasitic mycelium is intercellular, abun. 
dantly septate and hyaline. It produces conidiospores, which are 
abjointed acrogenously from the conidiophore, and are not as ivas 
supposed formerly endospores formed by free cell division within an 
endoconidial cell. The first conidiospore is liberated by the differentia, 
tion of its wails into an inner wall and a sheath and by the rupture o( 
the latter at its apex. The later conidiospores grow out through the 
sheath of the first and are freed by a splitting of their basal walls.* This 
same process is probably that of all “endoconidia” in fungi. 

Family 3. ELAPHOMYCEXACEiE.— The fruit bodies of the fungi of 
this family are subterranean with a distinct, mostly thick peridiuro 
whose surface is marked by a more or less strongly developed rind. The 
asci borne within the closed fruit body are irregularly arranged and 
united into large groups, which are separated by radially arranged vein- 
like masses of sterile hyphae. The asci are spheric, or pyriform, and 
mostly eight-spored. The whole spore-bearing interior of the fruit 
body, when ripe, is transformed into a powdery mass with the sterile 
hyphse remaining as a number of capillitia-Iike threads. There is no 
spontaneous opening of the fruit body at maturity. The family in- 
cludes a single genus, Elaphomyces, which comprises about twenty-two 
species, found mostly in northern Italy, in Germany and France, a few 
in England, northern Europe and North America. Such species, as 
Elaphomyces papillatus, E, atropurpureus from the oak and chestnut 
woods of northern Italy, £. mutabilis with a silvery- white mycelium 
growing in the oak, beech and birch woods of northern Italy, France 
and Germany, E. citrinus with an orange-yellow mycelium, also from 
northern Italy, all have delicate thin rinds which become wrinkled 
when dry, and belong to the section Malacodermei. The section Sdero- 
dermei includes those species with compact brittle rind, which is not 
wrinkled when dry. Here belong E. maculaius with strongly de- 
veloped, green mycelium, surface of fruit body blackish brown with 
greenish markings, found in the oak forests of northern Italy, French 

^ Johnson, James: Host Plants of Tliielavia basicola. Joum. Agric. Kcs., 
vii: 289-300, Nov. 6, 1916. 

^Brierley, William B.: The .Endoconidia of Thielavia basicola j Zopf, W-? 
Vnnals of Botany, xxix: 483^49 1, with i plate, October, 1915. 
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jura and the Tyrol E. cervinuSy which is found under oaks, beeches 
and pines in Europe and North America, has a fruit body the surface 
of which is brownish yellow, or retidish brown, and is covered with 
juimerous pyramid-shaped projections. The inner layer of the peri- 
flium of this species is not veined like E. variegaius, another widely 
distributed species throughout Europe. The fruit bodies of the last 
(wo species are frequently parasitized by Cordyceps opkioglossoides 
and C. capUatus (see ante, Fig. 21), 

Family 4. TESPEZiACEiE. — The fruit bodies of the fungi of this 
family are more or less deeply subterranean, tuber-like, infrequently 
galleried {Hydnobolites). The fruit bodies differ from those of the 
preceding family in that the interior spore-bearing portion does not 
break down into a powdery mass, hence there is no so-called capillitium, 
and as in that family the fruit body does not .open spontaneously. 
The terfas, or kames, of arid Mohammedan countries belonging to the 
genera Terfezia and Tirtnania were known to the Greeks and Romans. 
The species of Terfezia are found under and associated with the roots 
of the herbaceous or shrubby forms of Artemisia, Cistus and Helian- 
themum, A North African terfa, Terfezia corns, is found in the moun- 
tain forests of pine and cedar and in the sands of Sardinia from March 
to April The desert terfas include T, Boudieri, T, Claveryi, T. 
Hafizi and Tirmania ovalispora. Duggar,^ an American mycologist, 
has gathered these fungi at the base of Artemisia herha-alha found 
growing in the sandy soil of small oueds, or stream bedsj in southwestern 
Algeria. They are located by the breaking of the soil surface and are 
dug out by the Arabs with a pointed stick. They form a valuable 
food, as they are rich in protein. 

Family 5. Tuberace^. — General reference has been made to the 
members of this family in a description of the special ecology of the 
EUMYCETES. The mycelium of the truffles is well developed and 
septate, producing mostly subterranean, tuber-like fruit bodies, which 
have more or less numerous chambers lined with the ascigeral tissue 
supported by sterile hyphae. The asci, which are arranged irregularly 
in the ascigeral tissue, are one to eight-spored. The ascospores are 
uiikellular, and in the truffles {Tuber) usually spiny. The mycelium 
is subterranean and is connected with the roots of coniferous and 
broad-ieaved trees forming the so-called mycorrhiza. The simplest 
’ Duggar, B. M,; Mushroom Growing, 1915: 207-217. 



Pig. 52.— a. Tuber astivum fruit-body; B, Tuber magnalum fruit-body; C , Tufitr 
bnimalef, melanosporum, section through fruit-body, D, Tuber excuvaium, section of 
fruit-body; £, TMber cesiivumj. mesentericum, piece of fruit-body near peridium en- 
larged; G, piece of Tuber excavalum enlarged; H, Tuber rufum, fruit -body magnified 
showing asci and ascosporcs; J, T uber brumale, ascia with spores; K, T uber wagnatanjj 
ascus with spores. (Hee Die naiiirlicken Pjlanzenfamilien /. i, p. 287.) 
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Iriiit body in the subfamily EuTUBERiNEiE is found in Genea hispidula 
whcie it forms a hollow sphere with definite opening. Generally, it is 
{)rovided with a system of tubes, passageways or galleries, which vary 
in 1 heir arrangement in the different genera. These galleries are hollow 
in some, in others filled with hyphse, constituting the verier externa. 
The sterile supporting hyphae between these passageways constitute the 
veua interna. In the subfamily Baisaminace^, the fruit body has a 
single, hollow chamber, or numerous hollow closed cavities. The 
ascigeral layers constitute the walls of these chambers. 

The fungi of the genus Tuber (Fig. 52) are of the most interest 
economically, as several species, such as T. astivum (Spring), T. 
brumak, T. melanosporum ^Winter), T. undnatum (Autumn), T. rujum 
are edible, and are known as truffles (Fig. 52). These species occur in 
deciduous woods of north Italy, France and Germany and elsewhere 
in Europe. They are gathered for food by men (rabassier), who make 
a livelihood by selling the truffles for immediate use, or for canning 
purposes. As the fruit bodies emit a characteristic odor, they are 
located by the aid of specially trained dogs, and pigs, whose keen scent 
enables them to find the underground fruit bodies. As the^ are dug 
up, the animal is rewarded by his master with some other attractive 
morsel of food, and the newly discovered truffle is placed in a leathern 
pouch slung over the shoulder of the rabassier. The tin cans in which 
the truffles {Tuber melanosporum in Perigord mainly) arc preserved 
for shipment to all parts of the world are usually labeled with a state- 
ment as to the contents of the can, and with a hunting scene, where the 
man and his truffle dog prominently figure. 

I Near here should be placed the family Myriangiaceae repre- 
sented by the genus Myriangium with three species of wide distribu- 
tion. This family has been monographed by von Hdnel.^ 

‘voK Honel: Sitzungsber. Math. Naturw. Klasse k, Akad. Wiss. Wien., 
n8, Abt. 1 : 349"376, igoQ- 
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MILDEWS AND RELATED FUNGI 

Suborder D, Perisporiinese. — The mycelium of the fungi which 
belong to this suborder is filamentous, superficial, light- or dark- 
colored, rarely forming a stroma. The fruit bodies are superficial, 
spheric to egg-shaped without a pore and break up irregularly. Peri- 
thecia are usually dark-colored and in many cases surrounded by 
accessory hyphie, or su£fulcra» The asdi are spheric, egg-shaped, or 
elongated, and range within the closed perithecia from one to many 
in number. Paraphyses are usually absent. The following families 
are recognized: 

A. Perithecium spheric, poreless or breaking irregularly at the top, 

(a) A^srial mycelium white, perithecium with appendages or suff ulcra; 
accessory spores belonging to the genus Oidium. 

1 . .Erysiphaceae. 

(b) Aerial mycelium absent, or dark- colored, perithecia without 
appendages or suffulcra, accessory spores not belonging to 
Oidium. 

2. Perisporiace^. 

B. Perithecium peltate flat, opening at top by a round pore. 

3. Microthyriace,e. 

Family i. ERYSiPHACE^ft.—The fungi of this family are popularly- 
called “white” or “powdery mildews.” During the summer their 
conidial fructifications {Oidium) are found on hops, maples, peas, 
roses and vines imparting to the surface of the host a dusty appearance, 
due to the white conidiospores. Later in the summer, the globular 
dark brown, or black, perithecia appear and these are provided usually 
with appendages, or suff ulcra, which are frequently branched in a way 
characteristic of the different genera of the family. The white 
mycelium upon which the fruit bodies arise is truly parasitic, for short 
haustoria are formed which pierce the wall of the epidermal cells, and 
swell out into a bladder-like form for absorptive purposes. The haus- 
LU 



MILDEWS AND RELATED FUNGI 


155 


tutia are confined to the epidermal cells in all of the genera of the 
[lunily except Phylladinia, which forms special hyphal branches which 
enter the stomata, penetrate the intercellular spaces of the leaves and 
jinally send haustoria into the cells of the loose parenchyma. With 
the exception of these haustoria, the mycelium of the “powdery 
mildews” is entirely superficial. The conidial forms of the different 
fungi of the family were classified formerly under the name of Oidium, 
but with a more detailed knowledge of their life history, this name has 
been relegated to the synonymy. The conidio spores, which are formed 
in great numbers, are carried by the wind, or by snails in the case of 
Erysiphe polygoni on plants of AquUegia and are capable of immediate 
germination on reaching the epidermis of a suitable host plant, the 
germ-tube penetrating the outer wall of some epidermal cell. True 
sexual reproduction has been discovered in some of the mildews by 
R. A. Harper, thus verifying the earlier observations of de Bary. 
Sphcerotheca Castagnei serves to illustrate the process. The oogonium 
and antheridium, which are formed where two neighboring hyphae 
approach, each contains a single nucleus. The cell wall between these 
organs is dissolved at the time of fertilization and the male and female 
nuclei unite and a fresh wall is laid down between the two organs. 
Now the wall of the future perithecium begins to form by the develop- 
ment of a number of upright hyphal branches around the oogonium, 
forming a pseudo-parenchymatous tissue, while other branches later 
absorbed grow into the interior of the developing perithecium, while 
the outer wall cells become flattened and darker in color. The fol- 
lowing growth takes place in Sphc^otheca, which develops only a 
single ascus. The carpogonium elongates, divides and a curved row 
of five or six cells is formed. The penultimate cell of this row contains 
two large nuclei, while the other cells of the row have one nucleus each. 
The young ascus develops from this penultimate cell in which the two 
nuclei fuse followed by a rapid increase in size of the ascus, which presses 
against the inner wall cells of the perithecium and absorbs them. 
The nucleus of the ascus finally divides three times, producing the 
nuclei of the eight ascospores, which subsequently are formed by free 
cell formation. From the half -grown perithecium there arise apical, 
equatorial or basal hyphse which grow out as the appendages, or 
suffulcra, which in PhyUaciinia are acicular and bulbous at the base 
^^^8- 53) > in Uncinula hooked at the apex and in Podosphesra and Micro- 
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s!)tma (Fig- 54) dichotomously branched. These appendages prob- 
a!)iv assist in the distribution of the perithecium, serving to attach 
trie perithecia to plants, if wind-borne, or to the bodies of insects by 
which they are carried to other plants. The number of asci found in a 
perithecium and the number and character of the spores in the asci 
vary generically (see Appendix VIII, pages. 721-726). 

As the fungi of this family are especially, suitable for systematic 
study, a key is given not only of the principal genera, but also of the 



Fig. S4.— Lilac mildew, Microsph^ra alni. A, Perithecium with appendages; 
B, perithecia showing asci (a); C, ascus with ascospores; D, conidiophore {eph), 
bearing conidiospores {c.s.); E, beginning of fertilization; anth, antheridium;, car, 
(.arpogonium; F, later stage of fertilization showing the fusion of two nuclei (/), 
(From Gager with E and F after R. A. Harper,) 

principal species of the different genera. These keys (p. 721) have been 
taken from a monograph of the Erysiphace.^1 by Ernest S. Salmon, pub- 
lished in 1900, as vol. ix of the Memoirs of the Torrey Botanical Club, to 
which the my cologic student is referred for detailed descriptions of the 
various species. The material for the systematic study is easily kept 
m the dry condition and the perithecium can be studied in siiu on the 
dried leaf or other plant parts, and later treated with- weak alcohol 
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to remove the air, washed and mounted permanently stained,, or 
unstained in acetic acid with a ring of asphalt, or in glycerine jelly 
for a study of the asci and ascospores. For a study of the distribution 
of the haustoria and for a detailed examination of the sexual organs, ^ 
small pieces (2 by 4 qcmm,) of hop leaves on which mycelia of the 
mildew {Sphcerotheca) are found in various stages of development 
should be fixed in weaker Flemming’s solution, as described by Zim- 
mermann on page 178 of his '‘Botanical Microtechnique,” and then 
hardened in alcohol and carried through to paraffin. The sections 
should be cut 5 to 7.5/1 thick stained with safranin (one to one and 
one-half hours), gentian-violet (one-half to one hour), and orange 
G. (quickly), then treated with absolute alcohol, cleared in oil of cloves 
and mounted in balsam. 

The material for systematic study should be handed to members of 
the class in mycology, mounted and then studied as unknowns by the use 
of the generic and specific keys given in Appendix VIII, pages 721-726. 

Family 2. PERispORiACEiE. — The aerial mycelium of these fungi 
is superficial black, filamentous, or wanting, or rarely as a firm stroma. 
The perithecia are situated on the aerial mycelium, or on the stroma. 
They are black, i spheric, rarely elongated, poreless, or weathering ir 
regularly at the apex and without appendages. The wall is mostly 
membranous, or brittle. The asci are clustered and mostly elongated, 
The shapes of the spores are various. Paraphyses are usually wanting, 
and are present in only a few cases. 

The genus Scorias has been described incidentally in a foregoing page 
(72). It is represented in America by a single species, spongioin^hicl 
lives on beech twigs and leaves associated with some species of Wooly 
aphis, or on the ground where the droppings of the aphis in the form 
of honey-dew have collected. Its mycelium is greenish-black, much- 
branched, rigid, septate and the hyphse are glued together by an 
abundant mucilaginous substance forming a loose spongy mass, bearing 
an abundance of pyriform, coriaceous perithecia, which enclose narrow, 
thick-walled, eight-spored asci. Elongate pycnidia and perithecia are 
also frequently seen. 

Family 3. Microthyriace^, — The mycelium of the fungi of this 
family is superficial and dark in color. The perithecia are superficial 

^ Harper, R. A.: Die Entwickelung des Peritheciirms bei Spharotheca CasiH^h 
Bericht. der Deutsch. Bot Gesellsch., xiii, Heft 10; 475-481, 1895. 
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Iiield-shaped, unappendaged, black, membranous to carbonous 
ormed of radiating chains of cells. The asci are four- to eight-spored, 
hort, and associated with paraphyses. Two fungi which attack the 
offee plant are the most important pathogenic species of the family : 
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or in the substratum, and are mostly spheric, A wall (peridium) is 
present inclosing the clustered eight-spored asci which arise from the 
interior basal part of the perilhecium. The perithecium opens by aa 
apical mouth or pore and is either isolated or imbedded in a stroma 
which takes manifold forms. The formation of conidiophores and 
conidiosppres varies in the different families and genera. Sometimes 



Fig. 56.— Ergot {Claviceps pur- 
purea) on rye head. (After Clinton, 
G. P., Rep. Conn. Agric. Exper. Stat., 

1903.) 

55). Its conidial form known £ 
colored eruptions through the 1 


a distinct comdial layer is formed; at 
other times the conidiospores are 
formed in pycnidia. The suborder 
includes many saprophytic and para- 
sitic fungi found upon plants and 
animals. 

Family i. HypocREACE.ffi.“-The 
perithecium of these fungi is spheric 
and opens terminally by a definite 
pore. In color, it may be pale, 
sprightly colored, or colorless, never 
black. Hypomyces with sprightly 
colored perithecia arises from a thick 
crust-like stroma. It lives parasitic- 
ally on a number of different fleshy 
fungi. For example, Hypomycn 
laciifiuorum transforms a species ol 
Laciarius into a cinnabarred growth 
roughly resembling a toadstool and 
without gills, while the original color 
of the host is completely lost in the 
higher color produced by the para.site, 
Nedria without stroma has its peri- 
Ihecia developed on the surface of the 
substratum. N. cinnabarinai ^ a par- 
asite on various deciduous trees (Fig. 
5 Tuber cularia vulgaris produces flesh- 
lark of various host plants. Necifi<i 


dUissima grows on the beech. Folystigma has a crust-like stroma on 


the leaves of trees of the genus Prmus, while Epichloe typhina con- 


fines its parasitic attack to grasses upon which it develops orange- 
yellow stroma. The genus Cordyceps consists of species which live 
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parasitically on insects and their larva and some in subterranean fungi. 
The mycelium kills the insect or larva and mummifies it. Out of the 
host grow conidiophores {fsaria) in early stages of development, and 
later stalked stroma, in which on enlarged terminal portions the per- 
ithecia with asci and ascospores are found. C. militaris and C. cinerea 
occur on insects, or insect larvm. C. sinensis is found on caterpillars 
in eastern Asia, while C. opkioglossoides grows on the fruit bodies of 
species of Elaphomyces (sec a^Ue, page 70) (Fig. 21). Claviceps is a 
genus of fungous parasites found in the developing caryopses of various 
grasses. Its conidial stage was formerly known as Sphacelia. Claviceps 
purpurea and C. microcarpa are important species and their life his- 
tories will be described in the third part of this book. As ergot, the 
sclerotia of Claviceps purpurea arc used in medicine (Figs. 56 and 57). 
Fifty-seven genera and three doubtful ones are recognized and described 
in Engler’s Die naturlichen Pflanzenfamilien. 

Family 2. D oxhide ace^.— This family comprises twenty-four 
genera among the most important of which is Plowrightia (Fig. 22) 
and Fkyllachora. The fruit bodies of these fungi is spheric with definite 
mouth and without distinct peridium, as they are found imbedded in a 
biaclt stroma. Plowrightia includes twenty species of fungi, which 
form stroma in the interior of host plants, and which break throughto 
the surface, and form pimples in the center of which the opening to 
the perithecium is found. The spores are egg-shaped, two-celkd, 
hyaline, or bright-greenish. Plowrightia ribesia is fourid on dried 
twigs of species of currants Ribes in Europe and North America. 
P. mguliorum occurs on brick in northern and middle Europe, f- 
Mezerei grows on dead branches of Daphne in middle Europe and Ilalv. 
F. insculpia is found on dried branches of Clematis vitalb'a in Bel- 
gium, France, Germany and Italy and P. morbosa is the cause of black- 
knot of the cherry and plum {Prunus) and will be described subsequently. 
Phyllachora is a large genus of some 200 species found mostly on. the 
leaves of various plants; P. graminis is the commonest species of cos- 
mopolitan distribution on grasses and sedges. The warty spot of clover 
is Phyllachora trijolii. 

Familv 3. SORDAEiACE.®. — The perithecia in this family atf 
superficial, or deeply sunken in the substratum and often break through 
at maturity. The stroma is usually absent, but when it occurs tk 
perithecia are sunken with projecting papilliform beaks. The perit hcch 
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ihin and membranaceous to coriaceous, slightly transparent to 
ihu. k and opaque. The asci are usually very delicate, surrounded 
)y long paraphyses, or intermingled with them. The dark-colored 
pores are one- to many-celled, surrounded by a hyaline gelatinous 
jivelope, or ornamented with hyaline gelatinous spicula. The 
iORDAiiACEJi are entirely saprophytic and grow on manure, hence, 
jiey are coprophilous fungi. Special mechanical devices are shown by 
he asci for eruptive spore discharge and the distance to which the 
pores are shot may be between 5 and 9 cm.^ 

Family 4. CH^iOMiACEiE, — This is a small family of two genera, 
:k(Etomium and BommcreUa, which are found on waste paper, manure 
ind on small living fungi, which resemble the fungi of the family 
^erisporiace<Bf if the mouth to the perithecium is wanting. Bom- 
nerella has three-cornered ascospores. The perithecia of such forms 
IS Cha^tomium spirale and C. crispaium are provided apically with 
jnasses of spirally wound ha’rs. 

I Family 5. SpUiERiACE^. — This important family includes parasitic, 
saprophytic fungi showing exceptional diversity on dead parts. 

! 'hey have rounded perithecia with definite opening. The peridium is 
vident, mostly dark-colored, membranous to leathery never fleshy, 
isually free from the substratum, or more or less depressed. A 
troma may or may not be present. Some authors include a number 
families which perhaps may be subordinated here and ranked as 
iubfamilies. RoselUnia quercina is a disease of oak seedlings. Myco- 
ph(sreMa fragaria is the cause of leaf spot of strawberry; M. strati- 
ormans produces leaf-splitting blight of sugar cane. Guignardia 
SidweUii is a most important parasite, being responsible for the black 
■ot of the grape and G. vaccinii causes cranberry scald. Apple 
icab and pear scab are due to the attack of Venturia pomi and Venluria 
^yrina. A serious disease of sycamore leaves in the spring known as 
inthracnose is caused by Gnomonia veneta. 

.Family 6. Valsaceb.— The stroma of these fungi is black and is 
jOrmed in the substratum which is more or less altered. The peri- 
;hecia have a regular border and take various forms in the different 
genera, The asci are cylindric and long-stalked, alternating with 
Piraphyses. Pycnidiospores are formed in pycnidia and conidiospores 

i ‘ ('.RiFFiXHs, Davh): The North American Sordariace^:. Memoirs of the 
porrey Botanical Club, xi, No. i, May 7, igot. 
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on definite conidiospores. Of the ten genera of the family, the 
genera Vdsa and Diaporihe are the most important. Both genera 
include about 400 species, which are most saprophytic in wood and the 
bark of woody plants. Valsa oxystoma is the cause of the disease and 
death of the branches of Alms viridis in alpine regions; Diaporthe 
farinosa grows on the branches of the linden, Tilia americana in North 
America and D. eucalypti on Eucalyptus globulus in California. 

Family 7. MELOGRAMMAXACEyE.— The stroma are mostly like those 
of the genus Valsa and rarely like those in Diatrype. They are hemis- 
pheric and are formed beneath the bark and later break through to the 
surface, where they are more or less isolated. The perithecia are 
imbedded in the stroma. Conidial fructifications are formed on the 
surface of young stroma, or pycnidiospores are produced in pycnidia, 
The most important genus of this family is Endothia, which is repre- 
sented by the Chestnut-blight fungus E, parasitica, which lives in the 
cambium and inner bark of chestnut trees causing a final girdling^jf 
the branch and the death of the part beyond the girdled area. It has 
caused untold injury to the forest groves of America, where the chest- 
nut tree abounds, and its morphology and its ravages .will be ■described 
subsequently. 

Family 8. Xylariace^. — The stroma of these fungi is developed 
strongly and is frequently upright and branched. The perithecia 
are borne in the branched club-shaped portions of the fruit bodies. 
Early in their growth the surface is covered with conidiospores. The 
ascospores are unicellular and blackish-brown. The genus Nm- 
mularia, which includes forty species, is represented typically by 
N. Bullardi, which causes black charcoal-like eruptions on thick 
branches of the beech, Fagtts. Usiulina, with nine species, includes 
U. vulgaris found on old stems of broad-leaved trees and Hypoxylen 
with about 200 species is confined mostly to damp wood and old 
tree stumps. Xylaria digitate, one of the 200 species of that genus, 
grows on old wood, and X. polymorpha on old tree stumps. This 
family completes the list of pyrenocarpous fungi. 

Suborder F. Discomycetiineae.— The discomycetous fungi have a 
filamentous mycelium. Reproduction is by the union of two hyphal 
branches either of similar size, or differentiated into oogonia and anthe- 
ridia. The fertilized egg cell either develops directly into an ascus, 
or it develops ascogenous hyphae from which the asci are formed 



JfILDEWS AND RELATED EUNGI 165 

'rhe apogamous formation of fruit also occurs in this suborder. The 
asci arc united into definite, usually flat layers, which are in open 
fruit bodies known as apothecia. Conidiospores are also found in 
sotne of the forms and the conidiophores are of diverse character. 
The asci are usually eight-spored. The fungi of this suborder are 
either parasitic, or saprophytic in habit, and a few of the fleshy members 
of the family Pezizace^e are edible. 

Family i. Hysteriace^e. — The apothecium is elongated and the 
opening is a long mde cleft between the approaching walls of the 
apothecium, so that the ascigeral layer is exposed at the time of the 
spore discharge. 

Some species of the genera Lophodermium and Hypoderma are 
dangerous parasites of leaves; for example, L. pinastri attacks pine 
leaves; L, nervisequum attacks the spruce tree; while Hypoderma 
brachysporum is found on the white pine, P intis strobus. Such genera 
as Lophium, Hysteriupif and Glonium include species which are sapro- 
phytic on bark and wood. 

Family 2. PHAaniACE^.-^The apothecium is rounded, seldom 
elongated and its walls are separated through a star-shaped opening, 
rarely a cleft-Hke opening, so that the ascigeral layer is fully open at 
maturity. The family includes such parasites as Nemacyclus niveus 
on coniferous needles; Rhytisma acerinum, which produces black tar- 
like blotches on maple leaves; and R. salicinum, which causes similar 
black areas on willow leaves. Several species of Trochila are found 
on the leaves of different plants. 

Family 3. Pyronemace^.— The fruit body is placed on fine 
hyphae or on a felt-like cushion of hyphae. At first it is spheric; later, 
it is flatly expanded. The hypothecium is occasionally feebly de- 
veloped,, at other times it is strongly so. The peridium is poorly formed, 
or entirely absent. The most interesting genus is Pyronema. P. 
confluens has a fruit body i mm. across, and of a yellow or reddish 
color. It is often found in spots where fires have been kindled in the 
woods. The structure of the apothecium and the method of its forma- 
tion folio wing the sexual union of an antheridium and oogonium have 
been described by Harper^ and the essential details have been given 
on a former page of this book {ante, pages 123 and 126). 

'H.vrper, K. a.: Sexual Reproduction in Pyronema conjiuens and the Mor- 
phology of the Ascocarp, Annals of Botany, 14; 231-400, igoo 




Fig, s8. — A, B, Lachnea sculellata. A, Habit; B, ascus with paraphysis; C, 
Lachnea henihpk(Brica; C, habit; D, ascus with paraphysis; JS, Sarcosphara arenosi 
habit; F, C, Sarcosphara coronaria; F, ascus; C, habit; H, Sarcosphara arenkoli 
ascus with paraphysis, (5ee Die natiirlichen Pjlanzenfamilkn I. i. p. i8i.) 


action, and this is accomplished probably by the pressure of the cell 
wall upon the cell sap. The end of the ascus breaks open suddenly, the 
ascus collapses, and the eight spores are discharged simultaneously 
along with the cell sap. In Ascobolus, which is related to 
the ascogonium is at first multicellular, but all the cells empty llieif 
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i(;itteiits into a single large one, from which the ascogenous hyph* 
I lien arise. 

Family 5. Pezizace^. — The apothecia of this family are saucer- 
or cup-shaped, sessile or stalked, arising from a mycelium which is 
found in the substratum. The peridium and hypothecium consists 
of rounded cells and they are of fleshy, or leathery consistency. The 
asci, which are usually eight-spored, are separated by distinct para- 
physes. The spores are usually hyaline. Lachnea and Peziza are 
the most important genera. Lachnea scutellata (Fig. 58) has a 
scarlet to vermilion-red cup, whose margin is beset with a fringe of 



Fig. 59,— Saucer-shaped fruit-bodies of Peziza rcpanda. {Photo byW.H. Wahnsley). 


large brown bristles. It grows on wet sticks and logs in damp, or wet 
places, especially at the water’s edge. L. hemispkcerica has a cup i to 4 
cm. wide with a bluish- white to gray disk and with brownish outside 
bristles which fringe the margin of the apothecium. It grows on much- 
decayed wood. Peziza aurantia^ which is found in the fall in woods, 
and is edible, has a bright orange cup i to 5 cm. wide, powdery outside. 
At first, it is cup-shaped, then saucer-shaped and irregular. It is 
stcniless, or nearly so. The spores are clear, elliptic and strongly 
netted. A woodland form, P. coccinea^ is scarlet in cglor and suggests 
a wine glass in its stalked apothecium. P. badia grows on the 
ground in grassland and woodland, and is also edible. It has a 
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dark browiJ to paler brown apothecium, i to 4 cm. across and almost 
stemless, P. (druginosa is a stalked, green form whose mycelium pene. 
trates the wood of beeches and oaks and imparts to them a co])per. 
green color, which makes it valuable for the manufacture of the famous 
“Tunbridge ware.” The attempt has been made to extract the pig, 
ment, or to manufacture it synthetically for use as a shingle stain, bm 
without much success. P. W Ulkommii produces on larch trees a disease 
known as larch canker. Other species of Peziza grow on bark (Fig. 5^) 
horse and cow manure, and are, therefore, typically coprophilous. 
Family 6. Helotiacev?:.— The apothecia in these fungi are super- 
ficial from the beginning and rarely arise by break- 
ing through the substratum. Sometimes they de- 
velop from a sclerotium {Sderotinia). In texture, 
they are waxy, leathery and thick, and stalked, or 
un stalked, smooth or hairy. The asci are cigk- 
spored. The spores are round, elongated, or fila- 
mentous, and one to eight-celled, hyaline. The 
paraphyses are filamentous. The fringe cup, 
Sarcoscypha floccosa, has a slender, white, hairy 
stem, I to 3 cm. long by 2 to 3 mm. wide, and 
bearing an apothecium 4 to 10 mm. wide with a 
scarlet disk, so that the whole fruit body is goblet- 
shaped. The outside of the cup is covered densely 
with long white hairs forming a fringe at the margin, 
The spores are clear and elliptic 20 by up. The 
Fig. 60— Sckroiinia frifigc-cup fungus grows on decaying twigs from 
spi'iifig lo autumn. Sderotinia is the most impor- 
tant genus economically. It includes about forty 
species. The apot hecium arises from a sclerotium. Sderotinia baccaruni 
forms sclerotia in the fruits of Vaccinium myrtillus; S. urnula (Fig. 71] 
in those of Vaccinium vitis-ideea. Sderotinia Fuckdidna forms sclerotia 
on the grape-vine. Its conidial form was long known as Bolrytis cineres. 
Sderotinia sclerotiorum (Fig. 60) is parasitic and pathogenic on a number 
of cultivated plants, such as beets, and bears its sclerotia forming onthei 
subterranean parts of these host plants. The black disease of hyacinth 
bulbs is connected with the growth of Sderotinia bulbosunt. Applet) 
pears and stone fruits are attacked by S. frudigena. S. Hbertians- 
causes lettuce drop. S. trijoiiorum is responsible for the stem rot of 
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clover. Other fungi without sclerotia are parasitic and destructive. 
Such are Dasyscypha WillkommUy the cause of larch canker. D. 
Warhurgiana is parasitic on cinchona in the tropics. Such genera as 
CorynCf Helotium, Lachnum and RtUstrosmia arc saprophytic on wood. 

Family 7. Mollisiace^.— The fungi of this family differ from 
those of the preceding largely in texture, the former being tougher with 
hyphal cells, modified in a fibrous manner. The spores are hyaline. 
Pseudo peziza is the only important germs with its apothecium formed 
beneath the epidermis, which is subsequently ruptured with the pro- 
trusion of a shallow fruit body. The asci show eight unicellular spores. 

Pseudopeziza medicaginis is the cause of alfalfa leaf spot. Ps. 
ribis causes anthracnose of currants. 

The remaining families of the suborder are Family 8, CsuDiACEiE, 
Family 9, PATELLARiACEiE, Family 10, Cenangiace^. 

Suborder G. Helvelliineae. — This suborder includes fungi with 
a well-developed mycelium which is filamentous and largely functional 
for nutritive purposes. From this mycelium, which penetrates the 
substratum, arises a fleshy, waxy or gelatinous fruit body, which usually 
possesses a stalk upon which is raised an expanded portion; sometimes 
dub-like, in other forms constituting a distinct pileus. The expanded 
part, which may be smooth and gelatinous, wrinkled or with variously 
contorted folds, or of deep pits separated from each other by anastomos- 
ing ribs, is covered with the ascigeral layer, which consist of asci and 
paraphyses standing on end-like palisade tissue. The asci are typically 
eight-spored, rarely, two-spored, and open at the apex through the 
removal of a lid, or through a tube-like mouth. The ascospores are 
unicellular, or multicellular. 

Family i. Geo gloss ace.®. —The fruit body is fleshy, waxy, or 
gristly, and is separable into a stalk, or stipe, and an enlarged fertile 
portion, the pileus, which is club-shaped or knobbed, and its color is 
some shade of 'yellow, green, or black. The asci are club-shaped, 
opening by a pore at the apex. This family includes twelve genera, 
and it has been carefully monographed by Massee.' 

Geoglossum hirsutum is an American ground form with pileus flat 
and black, 2 to 3 cm. long and i to 2 cm. wide. It is wrinkled and 
bairy (Fig. 61). The stem is 6 to 8 cm. tall, black solid and hairy. 

‘ Massbe, George : A Monograph of the Geoglosseac. Annals of Botany, ii; 
i 25-306 with 2 plates, 1897. 
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The spores are brown, very long and many-celled, 100 to 120 by 4 to 
7/1. G. glutinosunii another American species, grows on the ground 
among the grass. It is black and smooth with the asdgerous portion 
one-third the entire length of the fruit body and in shape oblong- 
lanceolate, slightly viscid. The upper portion passes imperceptibly 
into the stalk. The spores are eight in number, arranged parallel to 
each other with obtuse ends and three-septate, 65 to 75 by 5 to 6/i, 
and brown in color. 

LeoHa cklorocephala is a fungus found in West Virginia, New Jersey 
and Pennsylvania. It is cespitose 
in habit and grows in mixed woods 
on moist ground, from July until 
late frosts. It is green and has a 
gelatinous appearance. The pileus 
is depressed globose, more or less 
wavy and with an incurved border, 
in color a dark verdigris-green. It 
is edible. Another species, L. lubtia^ 
is found on the ground in woods from 
North Carolina and Minnesota to 
Massachusetts. It is yellowish, olive- 
green with an irregular hemispheric, 
inflated, wavy cap. 

Family 2. Helve llace^e.— The 
fruit body in these edible fungi is 
fleshy and divided into a hollow stalk 
and ascigerous expanded portion. 
The upper part is cap-like and 
covered externally by the ascigeral 
layer. The asci arc club-shaped and open by the lifting off of a distinct 
lid. The spores are ellipsoid, colorless, or bright yelfow and smooth. 
Five genera are included in the family: Morchella, Gyromitra, Verpa^ 
Cidaris and Hehella. This family includes the largest of the sac fungi. 
Some species of Gyromitra weigh over a pound and forms of MorcheHn 
may grow afoot tall. The cap of M orchella is more or less deeply ridged, 
crosswise and lengthwise and has a delightful odor. The broad stem 
Morel, Morchella crassipes, has a cap 4 to 10 cm. tall and 3 to 6 cm. 
wide at the base, in color tan to tan-brown, with deep pits and wavy to 



Fig. 61. — Geoglossum hirsutum. 
A, Appearance of fungus; ii, asci with 
paraphyses; C, spore. A, natural 
size; B, 300/1; C, 400/1. {Die nalur- 
licken Pfianzenfamilien 1. i, p. 165.) 
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irregular ridges, the whole cap being more or less conic. The stem is 
^ to 12 cm. hy 2 to 6 cm., white and hollow. The spores are elliptic, 
clear, smooth, 20 to 22 by 10 to i2ju. M. esculenta, the common 
jlorcl, has a cap 3 to 7 cm. tall and 2 to 4 cm, wide, of a yellowish- 
brown to brown color, covered with very regular ribs with a blunt 
-edge. The spores are smooth, elliptic, clear, 14 to 22/x by 8 to 14/1. 
It grows on the ground in woods and forest openings, and is a delicious 
morsel. 

Gyr&mUra has a more irregular cap more or less inflated and folded, 
the edge united in places with the stem. G. esculenta has a rounded 
lobed pileus, irregular, gy rose-convolute, smooth 'and bay-red. Its 
stem is stout, stuffed, or hollow. The ascospores are elliptic, yellow- 
ish, 20 to 22/i long. It grows in wet ravines, or springy places in the 
vicinity of pine groves, or pine trees. G. brunnea is brown in color and 
is figured by Clements in his “Minnesota Mushrooms,’’ page 143. 

Verpa digitaliformis grows on ground in woods. It has a brown, or 
dark brown, smooth, bell-shaped cap with a long finger-like stem, 
beneath, hence the specific name. Verpa hohemica is the “ribbed 
verpa” and is delicious eating. 

The cap in the genus Hehella hangs loosely over the stem and it is 
saddle-shaped more or less lobed. The stem is ribbed. The ascigeral 
layer is confined to the upper side of the cap. All of the species are 
edible. Helvetia cri>spa is a common species and has been collected in 
West Virginia, Pennsylvania and New Jersey. It is white or whitish 
in color, while H. laemosa is gray to almost black. 

Family 3. CYTTARiACEJ:.-“This family is represented by the 
single genus Cyttaria with a tuber-like stroma in which the apothecia 
are sunken. The stroma, which arises on the antarctic beech, Notho- 
fagus, in South America and Tasmania, is stalked. The asci are cylin- 
dric and eight-spored. The spores are ellipsoidal and hyaline. The 
paraphyses ar€ filamentous, breaking down into mucilage. The cylin- 
dric asci bear elliptic hyaline spores. Six species have been described 
from Patagonia, Tasmania and Terra del Fuego. 

Family 4. Rhizinace^. — The fruit bodies of the fungi of this 
small family are stalkless and they are fleshy and waxy in consistency. 
Four genera are included. 

Suborder H. Laboulbeniinese. — We owe our knowledge of these 
eccentric or singular fungi to four botanists: J. Peyrilsch, G. Lindau, 
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Roland Thaxter and J. Faull. They are parasitic on insects, mostly 
beetles, which live in moist situations and are long-lived and hibcr- 
nating. They are often highly specialized, as to the parts of the 
insect on which they grow, occurring only on certain joints of the ]eg& 
and on certain legs of the host. The vegetative mycelium is very much 
reduced, consisting of one to a few cells, which are attached to the body 
of the insect and their usually minute size renders them difficult of 
study. The host is not destroyed nor even inconvenienced by these 
fungi which appear as minute, usually dark-colored, yellowish bristles 
or bushy hairs projecting from the chitinous integument of the insect. 

Stigmatomyces Bari lives parasiticaliy on house flies. The bicell u- 
lar spore with its mucilaginous coat becomes attached at its lower end. 
The upper ceil develops an appendage which bears a number of unicel- 
lular flask-shaped antheridia from which the naked spermatia are shed. 
The lower cell divides into four cells which represent the female repro- 
ductive organ, where the carpogonium, or egg cell develops a trichogyne 
to which the spermatia become attached. The three fundamental parts 
of which these plants arc composed are a main body, the receptacle; 
one or more spore-producing portions, the perithecia; and lastly, one or 
more appendages which, in the majority of cases, are associated witli 
the formation of the male sexual organs. The receptacle is that por- 
tion of the fungus on which the appendages together with the perithe- 
cia, or their stalk cells, are inserted. The sterile appendages, which 
form dense tufts and sometimes arc more conspicuous than the main 
plant itself, serve to protect the delicate trichogyne which is subse- 
quently developed. Sometimes, the primary appendage develops a 
spine-like process. The male organs and male elements in the Laboul- 
BENiACE^ may be designated as antheridia and antherozoids, the former 
consisting of a single antheridial cell or a group of such cells, the latter 
of a single naked, or thin-walled cell, so that the antherozoids are pro- 
duced either endogenously or exogenously. Among the antheridia 
which produce endogenous antherozoids we may distinguish the 
simple and the compound. A simple antheridium discharges its 
antherozoids through its special pore or opening, the compound an- 
theridium consists of several antheridial cells each of which dis- 
charges its contents into a common cavity from which they es- 
cape. The female organs are formed from a segment of the lower 
cell of the receptacle rarely from the terminal cell. The perithe- 
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^iuni, as in many other Ascomycetales, originates from a cell of the 
ri'ccplacle situated below the female organ. The procarp consists of 
three distinct parts: the trichogyne, the trichophoric cell and the part 
lo'.vest the carpogenic cell, which is fertilized and undergoes further 
development. Faulb has shown in two species of Laboulbenia that after 
the procarp is mature the carpogonium and trichophoric cell become 
continuous. Meanwhile, the nucleus of the carpogonium is succeeded 
by two which are apparently daughters of the carpogonial nucleus, and 

t lmost simultaneously the trichophoric nucleus undergoes division. 

ater, a uninucleate trichophoric cell and a uninucleate inferior sup- 
porting cell are septated off from the now four-nucleated fusion cell. 
After further nuclear divisions a binucleate superior supporting cell and 
sometimes a binucleate inferior supporting cell are cut off. The binu- 
cleate ascogonium now begins to bud off asci, or divides into two asco- 
genic cells, each of which contains a pair of nuclei. Up to this stage no 
nuclear fusions have been observed. The nuclei of an ascogenic cell 
divide conjointly, a daughter of each passing into a young ascus. This 
process is repeated at the birth of every ascus. The pair entering the 
ascus soon fuse. The fusion nucleus divides by a reduction mitosis 
after a period of growth and the number of chromosomes is the same 
as in other mitoses. There are two other mitoses prior to spore forma- 
tion, and both are homotypic. The spores are delimited by the method 
characteristic of the ordinary sac fungi. Each ascus in Sti^matomyces 
Bm produces four spindle-shaped bicellular spores. In other genera 
eight two-celled spores are formed. It is to be noted in closing that the 
sexual organs of these curious fungi are similar to those of the red 
seaweeds, Floride^e. Thaxter^ has done more than any other botanist 
to make this order known systematically. 

Phytogeny of Ascomycetales , — Atkinson in a philosophic discussion of 
the phylogeny of the Ascomycetales suggests six series or lines of 
development and his suggestions are incorporated in the accompanying 
chart. 

1. Apocarp line from Dipodascus -like forms and by reduction. 

’Faull, J. H.: The Cytology of the Laboulbeniales. Annals of Botany, 
xxv; 649-654, July, 1911. The Cytology of Laboulbenia ch$tophora and L. 
gyritiidarum. Annals of Botany, xxvi: 355-358, with 4 plates, April, 1912. 

■ Thaxter, Roland: Contributions toward a Monograph of the Laboulbeniaceae 
part T, i8p6; part II, 1908, Mem. Amer. Acad, of Arts and Sci. 
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2. Plectocarp line from IHpodascus-X\\it forms, .perhaps similar to 
Mom sens, 

3. Perisporc line arising from Monascus-Xikt prototype, before split- 
ting of archicarp, or from Aspergillace4E. 

4. Pyrenocarp line arising near Monascus-lik^ prototype, Laboul- 
BENIALES side near base, and some of the Mycothyriales as reduced 
from Sph^riales. 

Those who adhere to the belief that the Ascomycetales have 
descended from the red algae interpret their belief in three ways: first, 
sac fungi with highly developed trichogyne of the Co//^wa type with cer- 
tain red algse of existing forms; second^ sac fungi with highly developed 
trichogyne of the Poly stigma type with hypothetic algae with trichogyne 
representing the common original stock of both groups; and third, sac 
fungi with simple generalized copulating gametes of the Gymnoasem 
type with hypothetic algae having a simple procarp representing the 
stock from which both groups started. It will be noted that Atkinson 
believes that the fungi of the Ascomycetales have been derived from 
the simple Phycomycetes, and that thePROTOASCOMYCETES are der’ved 
by descent and degeneration from such a primitive form as Dipodasm, 
Endomyces Magnusii being the nearest known form to the generalized 
condition seen in Dipodascus. The Euascomycetes are derived from 
fungi similar to Monascus and Gymnoascus with generalized archicarp. 
Six distinct lines as previously noted arise from these primitive forms. 
Atkinson gives a chart which is purely provisional, and which suggests 
the probable relationship of the principal groups to each other and to a 
probable common ancestor. 
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CHAPTER XVIII 


BASIDIA-BEARING FUNGI (SMUTS) 

ORDER BASIDIOMYCETALES 

The fungi of this order have mostly a strongly developed mycelium, 
nulticellular and at times with apical growth. Sexual reproduction is 
■ntirely absent, yet in the rusts, we find certain nuclear fusions which 
,re looked upon by some mycologists as of a sexual nature. The 
haracteristic method of reproduction is non-sexual by means of coni'dia, 
diich in the most primitive forms are of indefinite number, 
vhilc in the most highly differentiated forms the conidiospores are. 
Icfmite in number two to eight, and are borne on special conidio- 
jliores known as basidia (basidium-ia). In many forms, the basidia 
irc arranged in definite parts of fleshy fruit bodies and in special layers 
hiown as hymenia (hymenium-ia). Besides the conidiospores other 
:inds of spores, known as chlamydospores, are formed. Zoospores are 
ntirely absent. The fungi of the order arc either saprophytes, or 
►arasites, and occasionally, they arc facultative saprophytes, or faculta- 
ive parasites. N one of thfem live in the water (nicht wasserbewohnend) . 

The Basidiomyce tales do not follow the Ascomyce talcs in the direct 
ne of evolution of the fungi. They may be considered to parallel the 
ic fungi. The group is supposed, in this regard, to represent the results 
f extreme simplification; the sexual organs, if ever present, have in 
be phylogenetic history of these fungi long since disappeared and 
imple nuclear fusions function in all probability in lieu of the sexual 
ft. 

Key to Suborders or the Basidiomycetales (After Stevens) 

Chlamydospores at maturity free in a sorus, produced intercalary, 
ronUhe mycelium; basidiospores borne on a prorij^celium andresem- 
>ling conidiospores. i. Hemibasidii. 

Chlamydospores absent, or when present, borne on definite stalks. 

Basidia septate, arising from a resting spore, or borne directly on a 
-menium, 2. Protobasidii. 

Basidia non-seplate, borne on a hymenium. 3. Eubasidii. 
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Suborder Hemibasidii— The conidiophore, or more correct! 3 the 
basidium, arises from the chlamydospore and bears an indelinite 
and usually large nurnber of basidiospores. All cells of the myctlium 
and the spores, as far as known, are unicellular. The position oi this 
suborder in the family tree of the fungi is uncertain. The majority 
of the funguses are strictly parasitic on the higher plants, and their 
mycelia live in the tissues of the same, mostly as intercellular parasites, 
certain hyphae known as haustoria penetrating the interior of the host 
cells. Infection of the host takes place, as a rule, very early and in 
some cases at the time of seed formation, so that the parasitic myccliuis 
keeps pace with the growth of the host plants and at definite times ani) 
places, such as anthers, ovaries and the like, which are mostly de- 
formed, the spore-bearing portion of the fungous parasite appears. 
The spores, which are formed in such places, are known as chlamydo- 
spores, and the mass of spores and diseased host parts are mostly 
black and soot-Uke. The chlamydospores give rise to a promycelium, 
which cuts ofi basidiospores. The basidiospores give rise either t« 
conidiospores, or they infect some host plant, if deposited upon it at 
the susceptible time. Brefeld first suggested the name Hemibasldii for 
the UsTiLAGiNACEiE and Tilletiack^ which he considered as repre- 
senting the link connecting the lower fungi and the true BASIDIO- 
MYCTTALES. Two families are recognized by mycologists, vu./ 
USTILAG1NACE.E and Tili.etiacEvE. 

Family i. Ustilaginace/E.— The fungi of this family are all para- 
sitic. They can be recognized readily by the outbreaks of dusty 
material that they produce on certain parts of their hosts, when they 
reach their • reproductive stage. An important genus, UstUa^o, the 
type genus of the family, derives its name from ustioj a burning. The 
smut of wheat is called locally in England “bunt ear,” “black ball," 
“ dust brand ” and “chimney sweeper.” All of these names are indica- 
tive of the sooty-black character of the spores. There are two chid 
phases in the development of a smut fungus, the mycelial phase ani 
the spore phase. The hyphae of the mycelium mostly push between 
the cells through the intercellular spaces and form short special branches, 
or haustoria, which enter the host cells and absorb from them nutritbt 
material. The mycelium may be localized, or it may be spread gen- 
erally throughout the host. Where the mycelium gains entrance 
the host through the germinating seeds, it remains in the vegetative 
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:oniUtion and without external manifestation of infection until in its 
rulting stage, when it breaks through the tissues of the host, appear- 

at the surface. In perennial plants, the mycelium may live in the 
jerennial parts, each year extending into the new growth. Eventually, 
he mycelium becomes conspicuous in certain organs of the plant. It 
nay develop abnormal growths, or cause swellings in the stem leaves, 
lowers (anthers, ovaries), or fruits of the host. Here the hyphse break 
jp into chains of spores, which develop thicker walls than the hyphal 
•ells from which they arose and are known as chlamydospores (xXot^Gs, 
(\oiiivbos = a cloak + ffTropd = a seed). The hyphal cells between the 
.pores undergo almost complete gelatinization, which gelatinized cells 
ire used probably to nourish the developing spores, as at maturity the 
.pores Lie loosely surrounded in part by the diseased cells of the host 
eady to be discharged as the adjoining hyphal and host cells dry up 
ind completely disappear. The chlamydospores, which make up the 
mutty, or sooty masses, are usually thick-walled and, being small, 

, to 35/ji, they are easily disseminated. They are usually spherical, or 
pheroidal, but may be ovoid, ellipsoidal or even oblong. They are 
imple, i.e., consisting of single cells, but they may be united into spore 
)alls, which may have an external coating of sterile cells. The galls 
tf the chlamydospores may be smooth, or echinulate, or reticulate with 
, network of ridges, w wings. Their color may be yellowish, reddish 
tr olive-brown, violet, or purplish, and the dark-colored spores in mass 
nay appear to be black or dark amber-brown. Sori are masses of the 
pores that break out singly, or in clusters, on the various organs of 
he hosts. These clusters are protected by their coverings of the tissue 
•f the host. The sori may be dusty and easily broken up, while in 
>Lher species, they may be hard and the spore mass is gradually 
lisintegrated. 

The wind is undoubtedly on&of the principal agents in the dissemi- 
lation of the smut spores, but it was found that no smut spores could 
»e demonstrated in spore traps set up at the University of Manitoba 
*y Buller farther distant from the infected fields than 250 yards. Man 
istributes the spores through unclean agricultural methods, such as 
ising old grain bags over and over again, and in sowing seed to which 
he smut spores are attached. The threshing machine is an active 
Rent in the spread of smut spores, and the farmer should see that his 
iiitUiine is carefully cleaned from one operation to another. 
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Fig. 62 . — Germination of smut spores, a, Chlamydospores; b, basidium; 5 < 
basidiospores; d. infection threads; e, detached pieces of mycelia; /, knee-joints, t 
Germination of Ustilago avence in 1/ $0 per cent, acetic acid 24 to 48 hours after being 
placed in liquid. 2. Same as in i but in distilled water. 3. Germination of 
ago lads in Cohn’s modified solution at end of 24 hours. 4. Same as 3 but at end of 
2 or 3 day.s. 5. Germination of UsUlogo iritici in Cohn’s modified solution. 6. 
mination of XJsiilago slria^ormis from red top in 1/ 50 per cent, acetic acid at enfl 
2 days. 7. Same as 6 except in Cohn’s modified solution, {After Bull. 57- 
ill. Agric. Rxper. Stai., March, igoo.) 
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Experiments to determine the vitality of smut spores have shown 
tiuit those of the stinking smut of wheat, covered smutx)f barley and 
oal smut are long-lived under favorable conditions for seven, or eight 
years, and in a dry condition are resistant to frost. Where vegetative 
reproduction occurs, as in the loose smuts, the spores lose their vitality 
after five to six months. It has also been determined that stinking 
smut spores passing through the bodies of animals lose their power of 
germination in a great majority of cases. Only those passing through 
pigs retain their vitality a longer time. The presence of occasional 
viable spores in the manurial offal of animals suggests a danger of 
the spreading of smut diseases through manure applied to fields as 
fertilizers. 

Germination (Fig. 62). — The spores, when placed in a drop of 
water, send out a single hyaline thread several times the length of 
the spore, and this thread, or promycelium, becomes divided into four 
cells by cross-partitions, or septte. Usually the apex of these four cells 
produce one or more elongated thin-walled spores, the basidiospores, 
or sporidea. These basidiospores are pinched off at the base, and 
others arc formed to take their place. When the basidiospores reach 
the proper host, whether in the seed, seedling, partly grown or mature 
condition, it forms on germination an infection hypha, which bores 
through the surface and enters the interior of the host. Once inside a 
mycelium is formed. 

Modes of Infection. — (i) Certain smut spores, as those of the 
stinking smut of wheat, covered smut of barley, naked and .loose smuts 
uf oats and others, adhere to the outside of the grains and are sown 
along with the grain. In the soil germination takes place and the spore 
produces a short stout mycelium, which develops secondary, or even 
tertiary spores, which by means of infection threads attack the young 
grain seedlings as they grow upward through the soil. This mode of 
infection is called seedling infection. (2) In the so-called loose smuts 
of wheat and barley, the chlamydospores, which are mature at the time 
of flowering of these commercial grasses, fall upon the female organs 
of the wheat, or barley, and germinating the infection hypha pushes 
its way into the developing grain where it remains dormant as a deli- 
cate mycelium. The normal development of the grain is not inhibited, 
'io that when it is planted as seed, the mycelium begins to grow with 
the seedling and keeps pace with the future growth of its host until 
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the maturity of the spores at the time the wheat, or barley, come Itiio 
bloom. This, mode of infection is known as flower infection. A tliird 
method is shown by the corn smut which may infect its host at any 
time by entering the young and tender parts of the plant. A knowledge 
of these facts is important, for the treatment of seeds will be efficacious 
with smuts, which infect seeds, while it would be useless with infection 
accomplished by the second and third methods. 

Grain smuts cause a considerable loss to the farmer every year. 
Oat smut, it has been estimated, causes a loss of $i 0,000,000 per annum 
in the United States. Smut explosions have been recorded recently.’ 
In the wheat-growing regions of the Pacific Northwest in the summer ol 
1914, 300 threshing machines were blown up or burned by smut ex- 
plosions. Passing into the cylinder of the threshing machine, the smui 
balls were broken up and the highly combustible smut dust oily and 
dry filled the interior of the separator. It is when this condition ob- 
tains, that the explosions and flames occur. The smut dust was prob- 
ably Ignited by static electricity in the cylinder of the threshing machine. 
The drier the conditions, the more static electricity is formed, and the 
easier it is to ignite the smut. 

The family Us til agin ace/E includes eleven American genera. Only 
three genera out of the seven will be considered in this book. They are 
Ustila^o^ SorosporiuM and Tolyposporium. The genus Ustilago, of 
which there are about seventy- two American species, is distinguished 
from the other two less important genera by its single spores which 
form dusty masses at maturity without any kind of inclosing membrane. 
Sorosporium has its spores agglutinated into balls which form more 01 
less dusty masses. The spore balls are usually evanescent and the 
spores are very dark. The spores are agglutinated into balls in Tol)- 
posporium, forming more or less dusty spore masses. The spore balls 
are rather permanent, the spores adhering by folds, or thickenings of 
the outer coat. 

Family 2. Tilletiace^. — The name Tilletia which is that of an 
important genus (Fig-, 63) of the family is derived from Matthieu Tilleb 
who published a book in Bordeaux, France, in 1755. The sori form 
dusty spore masses, which break out to the surface, or are imbedded 
permanently in the plant tissues, often without causing any malforraa' 

' Ashlock, J. L,: Smut Explosions. The Country Gentleman, April 10, igiii 
p- 703. 
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Flo. 63, — Bunt or stinking smut of wheat (Tilletia irilici). a. Whole head af- 
-cted with smut; b, smutted grains; c, normal grains; d, smutted grain broken to 
low spores; c, normal grain divided in the middle; /, chlamydospores enlarged; g, 
ermination of a spore. (Drawings by Pool, Venus A., from Bull* 135, Sci. ^er. 141, 
w. of Tex., Nov. IS, 1909.) 
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tion of these parts. In germination, a promyceiium is formed, Khicjj 
usually gives rise to a terminal duster of elongated basidiosporcs, or 
sporidia, which sometimes bear whorls of secondary basidiospores, 
Sometimes the primary sporidia fuse in pairs, and these with or withou; 
fusing may give rise to infection hyphse; or in nutrient media to a 
mycelium bearing dissimilar secondary sporidia (aerial conidia). As 
in the preceding family the hyphae break up into chlamydospores whicli 
break through the host tissue, as a sooty mass of dust. When these 
chlamydospores germinate, they give rise to an undivided basidinm 
with basidiospores borne at the apex not on the side, as in the preced- 
ing family. This is the principal morphologic difference, as the twfl 
groups of smut fungi approach each other so closely that in externa! 
appearance they resemble each other. Brefeld described the structure 
and life history of TUleiia tHtici [T. caries), the bunt of wheal verv 
carefully. In England, this disease of the wheat plant is called in 
various districts pepper brand, smut balls, bladder brand, stinking 
smut, stinking rust (Fig. 63) In the fields, it is difficult to distinguisli 
diseased from sound wheat, as there is little to indicate the presence of 
the hidden parasite, but it excites an abnormal development of chloro- 
ph}’!!, so that the spikes of the affected plants are usually greener than 
the healthy ones. The brand spores are found in all the grains of a single 
ear. The burst grains are shorter and wider than healthy ones and 
pointed toward the base. When cracked, a black dust is discharged, 
which under the microscope is seen to consist of reticulate-walled spore? 
of an olive-brown. They germinate readily and even after eight and a 
half years, they have been known to grow. On rubbing the black 
powdery mass between the fingers, the smell of herring brine is given 
off, and this decayed fish odor has originated one of the common 
names, that of stinking smut. A curved unicellular basidium arises 
from the chlamydospore on its germination. This produces a bundle 
of elongated condiospores, or basidiospores, according to one’s bias. ' 
Sickle -shaped secondary conidiosporcs arise from the primary kind. 
The primary conidiospores may unite by bridge-like connections ^ 
that two united spores look like the letter H. Wheat becomes infected 
in the seedling state, the spores being sown with the grain, and llit 
infection hypha which enters the host forms a mycelium which groin's 
along with the host until the spores break out again. 

TUleiia is the most important genus. In it the sori may occur m 
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various parts of the host, usually in the ovaries, where are formed a 
dusty dark spore mass. The spores are simple, separate and originate 
sinffly at the ends of special hyphse, which almost disappear through 
gclalinization. The spores varies in size from i 6 ti to 35^4. Fifteen out 
of the fifty-three species recorded by Saccardo have been found in 
North America, The important species are Tilletia Jcetens bunt or 
stinking smut of wheat; Tilletia tritici on wheat; Tilletia horrida 
in the ovaries of cultivated rice; Tilletia antkoxanthi in the ova- 
ries of the sweet vernal grass, Antkoxanthum odoratum; and Tilletia 
Uadagani on a wild grass, Panicum mgaium. Vrocystis cepulce is the 
onion smut; Urocystis occulta on the stems and sheaths of rye; Urocyslis 
mice- on the stems, rootstocks, petioles and leaves of violets, Eniyloma 
crastophilum levis on such grasses as AgrosHs, Poa, E, Ellisii forms pale 
white spots on spinach leaves in New Jersey. Eniyloma lineatum grows 
on wild rice, Zizania aquatica; Eniyloma thalictri on the meadow rice, 
Thalktrum polygamum; Eniyloma lohelice or Lobelia inflaia; Eniyloma 
nymphcee on the leaves of Nupkar advena and Nympkea odorata. 

The species of Doassansia mostly grow on plants, such as : Sagit- 
taria, Potamogeton, etc,, growing in moist situations. Ten species 
occur in North America. 
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CHAPTER XIX 
RUST FUNGI 

Suborder Uredine^, — Usually in systematic works placed as 
ORDER URED INALES. The fungi belonging to this suborder are 
characterized by basidia which are divided either by transverse or 
longitudinal sept®. In this character, they are contrasted with the 
EUBASIDII, which have unseplate basidia. Including the rusts this 
suborder embraces some of the most important disease-producing 
fungi, the study which concerns the mycologist. 

The uredineous fungi are those which are strictly parasitic and 
which in some cases are so specialized, that their growth is confined to 
the species of a single host. Those fungi in which the different stages 
of the life cycle are passed on the same host are known as autoecious, 
while those which grow on two or more hosts are known as heteroecious. 
The plant on which the final stage is passed is called the final host, 
while the other plant on which some of the stages occur is designated 
the alternate host. * So specialized is the nutrition of the rust fungi, 
that they never have been grown on culture media off the host 
plants on which they live. Hence, they are obligate parasites. The 
mycelium is septate, much-branched, usually ramifying between or in 
ihe walls of the cells and sending haustoria into the cell cavities. 
The reproductive spores are borne in more or less definite clusters, or 
sori, below the surface of the host, or rarely singly, and the spores are 
set free by the breaking open of the overlying tissues of the hosts. 

Five different kinds of spores may be found in the uredineous fungi, 
but they are not all present in every genus (Fig. 64). The final spore 
form is known as the teliospore, or teleutospore, which determines the 
name which is to be applied to the parasite. Such spores are borne 
m a sorus known as a telium. When these teliospores germinate, they 
produce a four-celled promycelium known as a basidium, and this 
abstricts sporidia, or more properly basidiospores, which are minute, 
thin-walled spores without surface sculpturings. These are succeeded 
spermogonia (spermogonium), which are now called by most 
187 
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American mycologists, pycnia (pycnium), in which spermatui, of 
pycniospores, are formed. Pycnia indicate the nature of the life l yde 
and furnish positive characters for identification. Arthur has sIiowd 
that if pycnia and urediniospores are found arising from the same 
mycelium, secidia do not occur in the cycle; and if pycnia and lelio- 
spores are found there are neither uredinia nor aecia in the life cycles, 
These pycnospores are accompanied or succeeded by aeciospores 
(aecidiospores) , which appear in the cluster cups, or aecia in long chains. 
The peridia of the different kinds of cecia are variable, and hence 



Fig. 64. — Spore forms of wheal rust, Pucainia graminis. A, Section through 
barberry leaf showing pycnia on upper surface and secia on lower; B, two uredinio- 
spores; C, germinating urediniospore ; D, teliosorus showing several teliospores; £ 
single two-celled teliospore; F, germinating teliospore with fuur-ccllcd basidiuni and 
two hasidiospores; G, basidiosporc growing on barberry leaf. {Adapted froyn deBary.) 

mycologists have described four different kinds of form genera: C<^on\i 
= peridium absent; ^cidiim = cup-shaped and peridium toothed; 
Rosstelia ~ peridium elongate and fimbriate; Peridermium - peri- 
dium irregularly split and broken. Urediniospores (uredospores) 
succeed the aeciospores and they appear in sori known as uredinia 
(uredimum). Amphisporcs are special forms of urediniospores formed 
in arid, or semi-arid climates and usually have a thick cell wall and a 
persistent pedicel. They are in the nature of a resting spore. Meso*. 
spores are exactly of the same nature as the two-celled teliospores, but 
they arise merely by the omission of the last nuclear division, and hence, 
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[ia\ 0 only one cell These different kinds o( spores, representing stages 
,11 llie life histories of the different genera and species of rusts arc 
tesii(nated, as follows: 0 = pycnium; I = aecium; II = uredinium; 
m = teiiuni. The determination of the presence or absence of these 
spores in the various life histories has been made for a large number of 
rusts, and we are now in a position to tabulate the results of this study 
ind to give names to the different forms of rust life cycles which have 
been found. We call a fungus possessing: 

Auteu-torm, li all four Vmds are found 011 one plant 
(Ex. Piiccina Asparagi on Asparagus officinalis), 

[) T II III an Eu-form Hetercu-form, if 0, 1 occur on one species and H, III 
on another (Ex. Pucchiia graminis is on wheat and 
> barberry). 

01 III an opsis-form (Ex. Gymnosporangiim Juniper i-virginiana, 0, I on 
apple, and Til on red cedar). 

0 II III a Brachydorm (Ex. Puccinia suaveolcn.^ on Canada thistle). 

[0] in a Micro-form pycnia (sperraogones) sometimes absent (Ex. Puc- 
cinia riiis on currant). 

A Lepto-form is one, of whatever kind, in which the teliospores 
grow as soon as mature without any period of rest, as Puccinia malva- 
rcamm on hollyhock. W, Grove in his “British Rust Fungi,” 
page 40, gives a diagram which represents all of the possible life cycles 
of the different forms of rust fungi, it is reproduced here (Fig. 65). 

As a fungus which shows a complete life history passed on two dis- 
tinct host plants, we will lake the black rust of cereals, Puccinia 
graminis (Fig. 64), first carefully studied by the German botanist, 
Anton de Bary, in 1864-65. It infests all the conjmon cereals, wheat, 
rye, barley and oats, also many grasses. It appears on the wheat 
plant, when the host is about ready to produce its spikes of flowers. It 
appears on the leaves and culms of the wheat plant, as orange-red 
lines, which represent cracks in the epidermis of the host exposing the 
sori, or uredinia filled with rust-red spores, urediniospores. These 
summci spores are yellowish and their surface spinulosc with four equa- 
torial germ pores. These urediniospores may follow each other on 
several crops during the early summer. This summer stage is succeeded 
by the autumn stage in which the sori become filled with stalked, 
two-celled, dark-colored spores with thick walls. The common name 
of this stage is “black rust.” Wintering in the open these two-celled 
tdiospores germinate. Each of the two cells may sprout out a pro- 
ffiycflium, or only one may do so. This basidium (promycelium) is 
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upright and divided transversely into four cells, each of which cuts off 
a basidiospore. These basidiospores are blown to the leaves, twigs, or 
fruits of the barberry where a mycelium is formed. Later pycnia 
(spermogonia) appear on the upper side of its leaf. These are accom- 
panied by round, fringed depressions, the cluster cups or aecia, which 
appear in the spring on the lower side of the leaves. The aedospores 
are arranged in chains. These spring spores, aepospores, are carried to 
the wheat plant where they induce the characteristic rusted appearance 


basidium 



Fig. 65. — Relations of various spore forms of rusts to each other. {AjUr Grove, If. 

B., The British Rust Fungi, 1913, 40.) 

of the cereal. The wheat plant is not killed by the attack of the fungus 
which, however, prevents the reserve foods from being properly stored 
in the grains; hence, they are mushy and unfit for storage, or for bread- 
making purposes. It has been recently shown that in Australia and the 
plains of India, where the barberry is unknown, the black rust of wheat 
does serious damage. Three methods are open to the wheat rust to 
winter over : (i) The fungus may winter by its urediniospores, (2) by a 
perennial mycelium, (3) by Eriksson’s mycoplasm. Arthur, in Amer- 
ica, and others have shown that it winters by its urediniospores, or 
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aniphispores, as they have been termed by some, but in conversation 
wit ii Arthur he insisted that the perennating spores are typical uredinio- 
spcircs, so that the postulation of a perennial mycelium, or a hibernating 
fungous protoplasm in the cells of the grain (mycoplasm) is unneces- 
sary. Eriksson has proved that in Sweden six forms of Puccinia 
^raminis may be distinguished; which he enumerates as follows: 

A. Not distinctly ^xed (occasionally going over to other forms of 
grass): (i) f. sp. tritici on wheat (seldom on rye, barley and oats). 

B. Distinctly fixed (firmly confined to the indicated species): (2) 
I sp. secalis on rye, barley and on couchgrass, Agropyron repens /Ely- 
nms arenariuSf Bromus secalinus and others; (3) f. sp. avenae on oats 
and on Avena elatior, Dactylis glomerata, Alopecurus pralensis, Milium 
ejfusum and others; (4) f. sp. pose on Poa compressa and P. pratensis; 
{5) f. sp. airae on Aira cetspitosa and A. hotinica; (6) f. sp. agrostis on 

canena and A . stolonifera. An oat plant infected with this rust 
can in its turn infect wheat, rye, barley and so forth. The black rust 
of cereals is the classic example of an heteroecious rust. 

The asparagus rust, Puccinia asparagi, may be used to illustrate the 
life history of an autoecious species. All the spore forms are pro- 
duced on stems and twigs. The aecia appear in long, light green cush- 
ion-like areas, which are short cylindric with a white peridium. The 
jcciospores are orange-colored and the wall is hyaline. The pycnia 
appear in yellow clusters followed by the aeciospores in early sum- 
mer, The uredinium is filled with yellowish-brown, thick-walled uredi- 
niosioores with three or four germ pores. The black rust stage (telium) 
appears later in the season, when the two-celled stalked teliospores push 
out from beneath. The whole life cycle is passed on the asparagus 
plant. 

Cytology of the Rusts. — According to the earlier researches of 
V. H. Blackman (1904), A, H. Christman (1905), 0 . H, Blackman and 
MissH. C. Fraser (1906), Edgar W. Olive (i9o8),Kurssanow (1910) and 
Dittschlag (1916), supplemented by the research of other botanists, a 
flood of light has been thrown on the nuclear behavior in the rusts, and 
accordingly on their sexuality, or non-sexuality. Blackman discovered 
in Phragmidium violaceum (Fig. 66), that in the formation of the 
«ci(lium, there was a fusion of two cells by which the nucleus of one 
passed over into the, adjoining cell. In the formation of spores the 
pairefl nuclei of -the fusion cell divide side by side and simultaneously 
(conjugate division) so’ that wc find that the basal cell, the secio- 
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pores and intercalary cells all have two nuclei^ which are not sister 
nuclei. The upper cell, cut off from the fusion cell, is the jv'cio. 
spore mother cell; the lower grows a little longer and then divides again 
in the same way, and thus a vertical series of seciospore mother cells is 
formed, the oldest at the top. Each of the aeciospore mother cells, 



Fio. 66. — A, Chain of young seciospores of Puccinia caricis] a, fusion tissue; 
b, basal (fusion) cell with conjugate nuclei; c, ®ciaspore mother-cell; intercala?;' 
cell; e, young aeciospore; B, germinating aeciospore of P. car ids', C, teliospore of P- 
caricis\ D, formation of teliospores of P. falcaria (after Dillschlag)‘, E, development 
of secium (after Blackman) of Phragmidium violaceumy e, epidermal cell; s, sterile 
cell; below these cells a nucleus is seen migrating into the adjacent cell/; F audC. 
conjugation of two female cells to form basal cell of aeciospore chain (after Dittschlof!- 
In G the first conjugate division is just completed. (Adapted from Grove, British 
Rust Fungi.) 

as soon as it is formed, cuts off by conjugate division a small cell below, 
called the intercalary cell ; this soon disorganizes and disappears, while 
the other portion remains as the seeiospore. The succeeding uredinio- 
spores have two nuclei in the conjugate condition and this is continued 
over into the cells of the young teliospores (Figs, 67 and 68). Before 
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lie teliospore reaches maturity, the nuclei fuse' and the uninucleate 
oiifJition then continues again until the formation of the aecia. In the 
fjicro- and lepto4oims, which have no iecium or uredinium, we find that 
he association takes place at points in the ordinary mycelium, but 



Fig. 67, — Portion of a section of cedar apple about S below a teliosorus. 
XoTE (i) Binudeate intercellular mycelium; (2) the haustoria in various stages of 
devdopment; (3) the doubling of nucleoli in the nuclei of some of the parenchyma 
cells of the host. Material collected on March 31. {After Reed, H. 5 .. and Crabill, 
C. II,, Techn. Bull. 9, Va. Agric. Exper. Stat., May, 1915.) 

ilways before the formation of the teliospores. Whether the 
association of nuclei in the ordinary mycelium takes place by the 
Jnigration of a nucleus from one cell to another, or whether two daughter 
nuclei become conjugate in one cell has not been settled definitely. 
The pycno spores are probably abortive male cells. They have never 
^3 
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bt‘Cii kiwwii to germinate, and the large size of their nuclei suggests that 
we are dealing with male cells. 

Tlie mature teliospore, which may be looked upon as a spore 
mother cell, has a single fusion nucleus. “ The fusion nucleus is large, 
round and (when unstained) perfectly clear and homogeneous, but for 
its nucleolus, so that it looks like. a vacuole; it occupies almost invari- 
ablv the middle of a cell. The dense chromatin mass is loosened out 
into a kind of spireme which becomes shorter and thicker; the nuclear 
membrane then disappears, and the spireme thread splits longitudi- 
nally, though the splitting is often indistinct. It then divides trans- 
versely into segments which become arranged, or strung out, on a 
spindle (sometimes, but more rarely, in an equatorial plate); then the 
daughter nuclei are formed at the poles, and the next division, which 
is homotypic, follows immediately” (Harper and Holden, 1903; 
Blackman, 1904). These nuclei are found in each of the four cells 
which form the basidium, and ultimately, they pass into each of the 
four basidiospores which are uninucleate and haploid. 

The alternation of generations which has thus been determined by 
the various cytologic studies of recent years may be displayed in a 
diagram adapted from Grove (Fig. 69). 

The same life cycle may be represented in another way. 
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Endophyllum sempervivi which attacks the house leek, 
vivum, and causes its rosette of normally spreading leaves to vtand 
erect, shows a somewhat different condition, which has led to the sup. 
position that it represents the primitive life cycle of the higher nre. 
dineous fungi. Its life history has been investigated by Hoffmau 
(1911). The spores mature on the house-leek leaves in April and 
May. They germinate at once in the aecidioid telium and a lout- 
celled basidium is formed; hence, the spore looks like an aeciospore 
and partakes of the nature of a teliospore and may be called an jecio- 
teliospore. Each basidium produces four basidiospores on long stcrig- 
mata, and they are blown to the leaf of a house leek, where thtv 
begin growth at once by boring through the cuticle, and the mycelium 
then grows through the intercellular spaces of the host sending haus- 
toria into the cells, growing down to the base of the leaf and into the 
axis up to the growing point, where it pereiinates until the following 
spring, when it enters the freshly formed leaves, which become yelknv, 
longer and more erect. 

Pycnia are formed in March and April followed by aecio-telia, 
which repeat the cycle. Hoffman has established the most interest- 
ing point about this rust, that the aecio -teliospore chain arises from a 
cell produced by the fusion of two adjacent cells of the spore bed 
after the manner described by Christman except the conjugating cells 
were not in any definite plane. The binucleate recio teliospores then 
become uninucleate by the fusion of the conjugate nuclei. The for- 
mation of the basidiospores from these secio-teliospores probalrly 
follows a reduction division. 

Kunkel (1914) has shown that a study of the binucleate reciosporei 
of CcBoma nitens during germination shows that they become miiiiU' 
cleate previous to the production of the promycelia. The normal ger- 
mination of the aecio-teliospore consists in the pushing out of a germ tube 
into which the protoplasmic contents of the spore passes. The nucleus 
which travels out into the tube divides producing two nuclei which may 
divide again immediately and cell division may follow at once, but in 
other cases the four nuclei of the promycelium (basidium) may be 
present before cross walls are formed. Ultimately, four cells are found 
filled with protoplasm and uninucleate. The basidiospore arises as an 
enlargement of the sterigma and the nucleus enters when it is one-halt 
developed. Caoma nitem although like Endophyllum sempervivi m 
some respects is more primitive, since it possesses a simpler aecium. 
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PhNLOGENY of the UREDINEiE (UREDINALES) 

In looking for the primitive types of rust fungi, it has been assumed 
bv woffle mycologists, that, as the rusts are a specialized group of para- 
sites, the most primitive forms will be found on hosts which are lowest 
in the phylogenetic scale of the higher plants. This consideration 
would place Uredinopsis, which grows upon ferns, as one of the primi- 
tive rusts, while many of the more advanced types of Puccinia are found 
upon the Composite. The absence of a germ pore is considered primi- 
tive, as instance its absence in the secio-leliospore of Endophyllum, 
When these first appeared, they were numerous and indefinitely scat- 
tered, while in the higher rusts, they are reduced in number and 
restricted to a definite part of the cell wall. The formation and ger- 
mination of teliospores approaches that of the smuts a more primitive 
group, hence the formation of a basidium and basidiospores must 
have been inherited by both from their ancestors. Now among the 
red algae, such as Griffithsia, the sporophyte bears tetraspores, these 
develop into a thallus which bears the gametes. Hence one would look 
for the ancestors of the URKDINE^ among red algae. Again, it has 
been suggested that the female cells of the aecium have a trichogyne, 
such as the r ed seaweeds (F lor ideac) possess . In the r usts , it has beco me 
abortive. 

The Endophyllace^ are considered by Grove to constitute the 
starUng point from which the varied forms of the Pucciniace^ have 
been derived. In Endophyllum, wc have seen that the asciospore, which 
is the product of the fusion cell, is also the tcliospore from which the 
basidium and basidiospores arise. The aecium is accompanied by the 
pycnium here. The first stage of evolution was the separation of this 
spore form into two: one the seciospores, germinating like conidio- 
spores; the other, the teliospore, germinating with the formation of a 
basidium and basidiospores. Pucciniopsis suggests these stages. The 
summer spores are probably modified aeciospores formed as a device 
for repeating the spore generations without the intervention of another 
fusion cell The fusion of the two nuclei in the teliospore is from a 
cytologic standpoint paralleled by a similar fusion in the BASIDIO- 
MYCETALES, for a division into four basidiospores follows in both 
cases, although the mechanism is different. The paired condition 
of the nuclei found in the ascogenous hyplise of the ASCOM Y GET ALES, 
such as Pyronema conjluens investigated by Claussen (1912), and in the 
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formation of the ascus, the two nbn-sister nuclei fuse after whiclj the 
fusion nucleus divides, the first division being heterotypic (meiotic, 
reducing, possessing synapsis and diakinesis stages), and the two fot 
lowing ones, which result in the formation of eight ascospores, are 
homotypic. From this point of view, the ascus is a spore mother cell 
comparable to the teliospore of the rust fungi, but forming an octad, 
not a tetrad of spores. The probable phylogeny and relationship of 
the Urepineje to the other groups has been set forth in a family tr^e 
by Grove. 

Arthur, who has studied the rusts carefully for many years, pro- 
posed at the International Congress of Botanists held in Vienna in 
1905 an arrangement of the families, genera and species of the rusts, 
which differs materially from the older classifications. 

As this classification of Arthurs has not been elaborated in detail, 
it has been considered best to follow the arrangement of families, sub- 
families and genera given in Engkr and Gilgk “ Syllabus der Pflanzen- 
familien’' (7th Edition, 1912) as following the conservative and 
older treatment. 

Famtlv ENDOPHYLLACEiE.^The teliosporcs are abstricted suc- 
cessively in long rows and are surrounded by a peridium which is 
formed like that of a typic lecidium of Puccinia from the peripheral 
cell rows, but is sometimes less strongly developed. These teliosporcs 
are perhaps more correctly called accio- teliosporcs, as they are separated 
'from each other by intercalary cells like true aeciospores and arise 
from a fusion cell, but they germinate by the formation of a basidium 
and basidiospores like true teliosporcs. The germ pores are impercep- 
tible and the spore wall is colored. Pycnia are present and both kinds 
of sori are subepidermal. 

Endophyllum sempervivi lives parasitically on the house leek, Sm- 
pervivum tectorum, and several other species of Sempervivum in Europe ' 
from April to August. It has been proved by de Bary, Hoffmann and 
others, that the basidiospores produced by the aecio-telio spores infect 
the leaves of the house leek and from them arises a mycelium wliich 
lives over the winter in the stem. The following spring, it forms 
pycnia and eecio- teliosporcs and the affected leaves are more erect 
than normal ones, twice as long, narrower and yellowish at the base. 

Family Melampsoeace^e. — The teliosporcs are unstalked, one- to 
four-celled, but placed singly on dilated hyphae in the tissues of the 
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10^1. or arranged side by side in flat crusts. Germination of the teiio- 
;porc results in the formation of a four-celled basidium, each cell of 
ft'hirh forms a single basidiospore. The aecium is typically without a 
)eridium, hence, a cseoma and the urediniospores appear in long chains 
ivithout a peridium, or arising singly, and then mostly surrounded 
)y the peridium, or mixed with paraphyses. 

The genus Melampsoropsis includes fungi whose teliospores are in 
•ushiondike layers, which break through the epidermis of the host, 
t/. ledi has its teliospores on Ledum and its aecia on the spruce, Picea 
'.xcehii, in Europe, and on P. rubra in this country. The Eecia of Cronar- 
ium have a broad, inflated irregularly torn peridium. The uredinium 
s enclosed in a hemispheric peridium^ which opens at the summit by a 
larrow pore. Its teliospores are abstricted in long chains and remain 
inited into cylindric columns, which are horny when dry. The 
European C. asdepiadeum has its aecia on the branches of Pinus silvestris 
n May and June, and its urediniospores and teliospores on Pceonia 
ifficindis in gardens, as also on Vincetoxicum, Cynanchum and Verbena. 

quercuum has its aecia on Pinus and its urediniospores and teliospores 
>n at least twenty species of oak in North America. C. ribicola is a 
iangerous parasite called the white pine blister rust and against it the 
Jnited States Government has an active quarantine. Its aecium is con- 
ined to the flve-leaved pines, one of which is Pinus strobus, our eastern 
vhite pine. These are found in the months from March to June, The 
irediniospores and teliospores grow on the currants, Ribes nigrum and 
'i. rubrum. The fungi of the genus Melampsora are mostly heteroccious. 
There are seven species recorded for North America. Of these Melam- 
'fiora medusa causes the poplar rust. The aecium occurs on the larch, 
Urix, and its urediniospores and teliospores on Populus delloidesj P. 
remuloides and P. balsamifera. Calyptospora is a genus of rusts, the 
ife history of which has been investigated by Hartig, Kuhn and 
Bubak. In July to September, the teliospores appear on the stems of 
Vaccinium vitis-ideea, where the stem becomes swollen and elongated 
ind at first of a pink color passing to brown. It occurs on other species 
)f Vaccinium, including V. pennsyhanicum in the United States. The 
ecia are found in Europe on leaves of Abies pedinaia and in America 
■>n A . bdsamea. 

Family Coleosposiace.®:.— The secium in this family has a perid- 
tim. The flattish, linear pycnia are subepidermal dehiscing by a 
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slit. The teliospores consist of four superimposed cells. There is i 
North American species of this family, Gallowaya pint (formerly Coko. 
sporium pini), which has teliospores only and these on the leaves of 
Finus inops, i.e., on trees of the same order on which Colesporium}[i_^ 



Fig. 70. — A-D, Uromyces pisi. A, Ascjdia on deformed leaves of Eupkofbii 
cyparissias; B, ascidia enlarged; C, teliosori on leaves of Pisum sativum; teliosori 
enlarged; E and P, Uromyces irifolii on Trifolium hybridum. (After Dietel, Di( 
natMichen Pfianztnfamilun I. zA**, p, 55.) 

its secia. In Coleosporium, the teliospores are adherent closely with a 
rounded, thickened, gelatinizing pore. The long sterigmata bear 
large, ovate, flattened sporidia. The orange rust of asters and golden 
rodSj^C. solidaginis is reported to cause a sickness of horses, sonie' 


RUST FUNGI 


201 


times resulting in the death of the animals. Its urediniospores and 
teliospores are on compositous plants and its secial stage on the pitch 
pine, rigtda, this stage being known in the older books as 

Pendertnium acicolum. The species of the genus are all heteroecious, 
and scial stages, whenever found, occur on species of Pinus and 
are referable to the form genus Feridermium. Arthur and Kern 
enumerate twenty-seven species of Feridermium, ranging from Mexico 
to Alaska, and from the Atlantic to the Pacific coasts. The species 
are all aecia of species belonging to telial genera, but they cannot 
be always satisfactorily assigned because of incomplete knowledge 
regarding them. The genus Feridermium embraces all secial, forms 
possessing peridia, inhabiting the Pinace^ and CrNKTACEiE. Only 
three of the twenty-seven American species have been associated with 
telial forms as follows: 

Feridermium pini connected with Coleosporium campanulce on 

Feridermium cerebrum connected with Cromrlium on oak. 

Feridermium elatimm connected with Melampsorella cerasiii. 

Family PucciNiACEiE. — In this family, the teliospores usually con^ 
sist of a single cell, or a vertical row of superimposed cells sometimes 
united into a small bead-like cluster. The teliospores are borne on a 
simple, or a compound pedicel. The urediniospores are single, on 
hyaline, deciduous stalks. The aecia usually have a peridium. The 
most important genera of the family are: Uromyces, Puccinia, Gymno- 
sporangium, Gymnoconia (Fig. 71} and Phragmidium. 

The rusts belonging to the genus Uromyces have one-celled winter, 
or teliospores, which are egg-shaped, individually separated and massed 
in small, open spore groups. The important pathologic species are the 
clover rust, Uromyces trifolii; the rust of beans, U. appendiculata; beet 
rust, U. belce; carnation rust, V. caryophyllinus (Fig. 70). The largest, 
genus of the rusts, Puccinia, has usually two-celled teliospores, although 
unicellular ones may occur in some species. The principal cereal or 
grain rusts may be enumerated first, as they are fairly well known, 
ouing to the researches of Eriksson and others : 

Black Rust of Cereals, Puccinia graminis (Fig. 64) with its aecium 
on the barberry, Berheris vulgaris. Six forms of this species may be 
distinguished: (r) f. sp. tritici on wheat (seldoni on rye, barley 
and oats); (2) f. sp. secalis on rye, barley and couch grass, Agropyron 
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repens, Elymiis arenarius, Bromus secalinus and others; (3) f. sp. 
avewe on oats and Avena eklior, Dactylis'^lomerata, Alopecurus prakn- 
sis, Milium effusum, etc.; (4) f. sp. poce on Poa compressa andP. praten- 
sis; (5) f. sp. airce on Air a ccespitosa and A. hoUnica; (6) f. sp. agrostis on 
Agrostis canina and A. stolonijera. 

Brown Rust of Rye, Puccinia dispersa, with its cluster cups on 
Anchusa arvensis and A, officinalis. 

Crown Rust of Oats, Puccinia coronifera, with its secium on the 
buckthorn, Rhamnus cathartica. Of this species there are eight 



Fig. 7 1 . — A'C, Gymnoconia inter stitialis. A , .iEcidia on leaf of Rubus canadensis; 
B, piece of leaf enlarged; C, telio&pore; D, teliospore of Sphenospora pallida, 500/ i. 
{After Dieiel: Die natUrlichen FJlanzenfamiikn I. lA**, p. 70.) 

Specialized forms, as follows; (i) f. sp. avene on oats; (2) f. sp. alope- 
curi on Alopecurus praknsis; (3) f. sp. festucce on Festucas; (4) f. sp. 
lolii on rye grass, Lolium perenne; (5) f. sp. glyceria on Glyceria aquit- 
iica; (6) f. sp. agropyri on Agropyron repens; (7) f. sp. epigai onCda- 
magrostis epigeios', (8) f. sp. hold on Holcus lanatus. 

Crown Rust of Grasses, Puccinia coronata, with its secium on Rham' 
nus frangida. Three special forms of this rust are known: (i) f. sp. 
calamagrostis on Calamagrostis arundinacea; (2) f. sp. phalaridis on 

^Arthur, J. C. and Kern, F. D.: North American Species of Peridermium- 
Bull. Torr. Bot. Club, 33; 403-438, 1906. 
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Pluilms arnudimcea; (3) f. sp. agroslis on Agrostis vulgaris and A, 

^■ellow Rust of Wheat, Puccinia glumarum, without any known 
jTcial stage. It has according to Eriksson the following specialized 
forms: (i) f. sp. tritici on wheat; (2) f. sp. secalis on rye; (3) f, sp. 
yrdci on barley; (4) f. sp. Elymi on elymus arenarius; (5) f. sp. 
ogropyri on couch grass, Agropyron repens. 



Fig. 72. — Hollyhock rust, Puccinia malvocearum. {Nanlucket, August 19, 1915.) 


Brown Rust of Wheat, Puccinia triticina, with aecia unknown. 
Dwarf Rust of Barley, Puccinia simplex.^ 

Timothy Rust, Puccinia phlei-pratensis. Experiments to get this 
form to infect barberry leaves have met with indifferent success. 

Chrysanthemum Rust, Puccinia chrysanthemi, on leaves of Chry- 
mthemum sinense in greenhouses all the year round. 



204 


MYCOLOGY 


Dandelion Rust^ Puccinia taraxaci, on the dandelion Taraxacum 
officinale, rather common in Europe, North America, Japan and tlie 
'East Indies, 

Reed Grass Rust, Puccinia pkragmitis, with aecia on Rumex crispus 
R, ohlusifolius and uredinios pores and teliospores on reed grass PJirq. 
miks communis. 



Fig, 73. — Roeslelia auranliaca on fruit oi Amelanchier intermedia corresponding 
to Gymnosporangium clavipes on red cedar, (Shelter Island, New York, July i<i- 
191 5 >) 

Ash Rust, Puccinia fraxinata, on leaves and petioles of ash and 
uredi nospores and teliospores on salt grass, Sparlina Michauxiam. 

Asparagus Rust, Puccinia asparagi, develops all of its spore forms 
on the cultivated asparagus, 

Violet Rust, Puccinia mice, is parasitic on about forty-six different 
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species of violets Asia, ^Europe, '^North^and South America. It is 

aihd'cious. 



Fig. 74. — Witches’ broom caused by Gym«o- Fig. 75. — A, Protruding fili- 
si)oraBgijiw F.llisH. {After Uarshberger, Proc, form horns of the rust fungus, 
Nat, Sci. Phila,, May, 1902,) Cymonspora 7 tgiu 7 n Ellisii on white 

cedar; B, teliospore. (May 27, 
1916.) 


Mint Rust, Puccinia mentha, is also an autoecious rust. 

Maize Rust, Puccinia sorghi, is widely distributed* in maize-growing 
countries. Its secia are less common on various species of 0.xalis, 
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Rust of Stone Fruits, Puccinia pruni-spinos(Bj occurs on various 
species of the genus Prunus in the southern and central United Siaifj. 



Fig, 76. — Fully expanded cedar apple on red cedar. Long yellow telio-sori ss 
finger-like projections are seen. {After Jones and Bartholomew, Bull. 257, Asrit. 
Exper. Stat., Univ. Wise., July, 1915.) 


The secial stage occurs on Anemone and Uepatica, and is known a 5 
jEcidium punctatum. 

Hollyhock Rust, Puccinia maivacearum (Fig. 72), is found over 
world, where the hollyhock, AUhcea rosea, is grown. 
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• 4 grif. Exper. Stat, May, 1915.) 
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Belonging to the genus Gymnoconia (Fig, 92) is the orange rmt 
of raspberry and blackberry which is found throughout the United 
States and Canada. It is also widely distributed in Europe and Asia. 

The genus Phragmidium, which is confined entirely to plants of the 
rose family, is autoecious. Warts are formed on the teliospores by the 
contraction of an outer gelatinous layer which with a rigid middle 
lamina and the arrangement of the germ pores distinguishes Phra^. 



Fig. 78. — Teliospores of cedar apple showing germination with formation o£ 
basidia (proinycelia) and has idi os pores (sporidia). (Aftsy Reed, ff, S., and CrsWit 
C. H., Techn. Bull, g, Va. Agric. Exper. Slal., May, 1915.) 


midiim from neighboring genera. The teliospores are two- to several- 
celled by transverse septa. An important species is the Rust of Roses, 
Phragmidium suhc&rtkiumj which has a spindle-shaped teliospore witi 
six to eight cells. 

Gymnosporangium is a genus of heteroecious rusts the aecia of whid 
occur on Rosacej: (except one on Hydrangeac^ and one on Mysi 
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’A( !;.e) while the three-, four or five-celled teliosporea are found 
)n CuPRESSiNE^ (ChaTmcy Paris y Cupressus, JuniperuSy Libocedrus), 
)tic autcecious species is G. bermudianum which produces both its 
eda and teliaon junipers (/. bermudianum). Kern gives thirty-two 
ipcdcs as the number for North America and in vol 7, North American 
Flora, part 3, pages 188^-190, gives a useful key for the identification 
i the species. 

: Gyinnosporan^ium botryapUes causes fusiform swellings on the white 
:edar, Chamecyparis ikyoides, on which swellings the two- to four- 



iG. 79.— Cedar rust on apple, roestelia stage with pustules. {After Jones and 
Bartholomew, Bull. 257, Agric. Exper. Slat., Unh. TVtsc., July, 1915.) 

died teliospores are formed. The aecia occur on two species of shad 
■ush: Amelanchier canadensis and A. intermedia (Fig. 73). 

In Gymnosporan^ium nidus-am, the telia arise from a perennial 
aycdium which often dwarfs the young shoots and causes bird’s-nest 
listortions in which usually there is a reversion of the leaves to the 
uvenile form, sometimes causing gradual enlargements in isolated 
•reas on the larger branches of Juniperus virginiana with aecia on 
ieveral species of Amelanchier (Fig. 73), 

; J uniperus communis is the host of the telial stage of G. clavariceforme, 
[hich appears on long fusiform swellings of various-sized branches, 

4 
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scattered, or aggregated and its aecia on seven species of Amelanchiet 
one each of Aronia and Cydonia. 

Gymnospormpwn Ellisii (Figs. 74 and 75) in its telial form distorts 
the younger branches of the white cedar, Chamacyparis thyoides, pr(^ 



Ftc. 8 o.~Roestelia, or aecia on apple leaf. (After Giddings and Berg, Bull. z 5 Ji 
Agric. Exper. Stal. Vniv. iViJc,' July, 1915.) 

ducing numerous fasdations. The aecia and pycnia of this fungus 
are on Myrica. Gymnosporangium globosunt ls remarkable in forming 
aecia on eighty-five different species of hawthorn, Cratagus, while its 
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tcliii^pores appear oa irregular spheric swellings or excrescence on 
Juniperus virginiam. 

i'he mycelium of G. juniferi-mginiana is annual, or biennial, 
producing globose swellings known as cedar apples on the leaves of the 



Fig. Ki. — Magnified view of apple rust roestelia, or lecia. (After Jones and 
BarlholomeWy Bull. 257, Agric. Exper. Stat. Univ. Wise.. July, 1915 ) 


red cedar, Jmiperus virginiana. The cluster cups appear on the leaves 
of native species of apples {Malu^). 

The most important publication dealing with this disease and giving 


212 


MYCOLOGY 


a copious bibliography is one by Howard L. Reed and C. W. Crabill issued 
as Technical Bulletin q (May, 1915) by the Virginia Agricultural Experj. 
ment Station. The 106 pages of text are devoted to a careful considcra- 
tion of all aspects of the disease, which is prevalent throughout the 
geographic range of the red cedar. The aecia are found on the apjilt 
and were originally described as Roestelia pyrata (Schw.) Thaxter, 
and frequently the apple stage is known as the Roestelia stage (Fig. 
81). Infection of the leaves (Fig. 80) and fruit is only possible 
during their undeveloped condition and not all varieties of apple ate 
susceptible. Some are rust free. Such are Early Harvest, Golden 
Pippin, Winesap, while the badly affected varieties are Grimes Golden 
Smokehouse and York Imperial. The geciospores are dark brown, 



Fig. 82.— Diagram (left) of secium (roestelia) of apple rust; right, three icci«- 
spores from the cup highly magnified. {After Jones, L. R., and Bartholomew, ii. L 
Bull, 257, Agric. Exp. Slat., Univ. Wise,, July, 1915.) 


minutely pitied and almdst spheric with thick walls and granular tnn- 
tents. The first aecia (Figs. 81 and 82) become mature during the 
month of July and viable spores are produced in large numbers during 
this and the following two months (Fig. 83). This is the period ol 
infection of the red cedar, and the mycelium formed from these spores 
remains dormant in the cedar leaves until the following spring, when 
the cedar apple (Fig. 76), or gall, is formed out of the parenchyffia 
of the red cedar leaf (Fig. r 6i) . Into the gall a vascular strand extends. 
The surface of the galls becomes papillate and in May these papilli 
enlarge into gelatinous horns, or teUosori (Fig. 77), made up of the 
agglutinated stalks of numerous teliospores (Fig. 77), which are hvo- 
celled and measure 46 to 63^ by 15 to 2o;i (Fig. 78). These lelio- 
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spores on germination produce a four-celled basidium (Fig. 78), 
or promycelium, from which are cut off basidiospores, which infect the 



partially developed apple leaves, or apple fruits (Fig, 79). The dis- 
ease apparently does little damage to the red cedar trees, but the 
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accial stage (ievastates the apple orchards found in proximity to rej 
cedar trees infected with the rust. Destroying the red cedar trees 
seems to be the only feasible plan of combating the disease. 
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Suborder Auricularine^e.— Family Auriculaeiaceai:.— T he 
fungi of this family are saprophytes, or wood-inhabiting parasites. The 
basidia are borne directly on the mycelium, or in variously formed fruit 
bodies in which the basidia form a layer. The basidia are transversely 
divided into four cells. Auricularia includes about forty species oi 
which the best known is Auricularia (Hirneola) Auricula Judes, the Jev's 
ear fungus, which develops its fruit body on rotten wood. When wet jt 
is gelatinous ; when dry, it appears as a dry crust. It is a rather gelatin- 
ous, flabby-looking, thin expanded cup or saucer-shaped fungus ol 
a brownish color when expanded smooth inside, veined and plaited a 
as to have the resemblance to a human ear. It grows on a variety 0: 
trees: elm, maple, hickory, balsam, spruce and alder and up to 19W; 
it had been collected in Ohio, Maryland, Indiana, New Jersey, Pennsyl- 
vania and West Virginia. Outside it is velvety and grayish-olive. 
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Auricularia (Hirneola) polylricka is the “Mu-esh” of the, Chinese, who 
jrallier it as an article of food, in fact oak boughs are cut and allowed to 
(lerav to raise the fungus. 

Family Pilaceace^.— This is a small family of two genera, PUa- 
crdla and Pilacre, with spheric stalked fruit bodies. The basidia are 
in capitate clusters and surrounded at first by a peridium-like wall, 
which breaks at maturity. 

Suborder Tremelline^.— Family Tremellace^.— This family 
includes twelve genera, of which Tremella is the most important. The 
majority are widely distributed and live saprophytically on wood, where 
ihcy appear as soft, trembling, gelatinous masses, when moist, becoming 
rigid and horny when dry. The basidia are longitudinally divided by 
two septa. The four portions thus formed each bear a terminalTasidio- 
spore. Some species of Tremella produce conidiospores. Tremella 
frondosa has been used as food, but as such is unsatisfactory. 7'remella 
foliacea is of a smoky-brown color, cold, clammy and trembles in the 
hands. When stewed, it becomes a slimy mess relished only by the 
Chinese. Tremella mesenterica is brain-like in its convolutions, ge- 
latinous in texture and usually the size of a walnut, and of an orange-red 
color. 
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FLESHY AND WOODY FUNGI 

SuBOKDER Euhasidii. — The fungi of this suborder are characterized 
by the undivided (unseptate) basidia, more or less club-shaped with 
generally four, rarely six, eight, or two apical sterigmata each of which 
bears a basidiospore (Fig. 92). These fungi are usually fleshy and the 
spores are borne openly on wrinkles, ridges, gills, in pores, on spines, 
or in closed fruits, which open regularly, or irregularly, by splitting, 
Many of the forms are edible, some are inedible, because of toughness, 
or woodiness, while others are poisonous. 

Cytology. — Recent studies by Juel (1897), Maire (1900), Ruhland 
(1901), Harper {1902), Levine (1913) have shown that as a general 
thing the hyphal cells of the mycelium in the HYMENOMYCETES 
and GASTEROMYCETES are binucleate, and sometimes, as in Cop- 
rintts radiaius, uninucleate. The cells of the young carpophore are 
binucleate, but as the fruit body matures, the majority of the cells in 
the stipe and pileus are multinucleate, but this condition arises from 
the amitotic fragmentation of the two nuclei originally present in each 
cell. The subhymenial cells from which the basidia spring and the 
paraphyses are always binucleate. All the cells, which are concerned 
directly with the production of basidiospores, are binucleated through- 
out their development. The multinucleated condition above noted 
arises in ceils of strictly limited development and are found in the organs 
of nutrition, support, transportation, etc. Maire found that the pairs 
of nuclei divide simultaneously, as conjugate nuclei, so that in the suc- 
cessive cell generations which arise in the development of the carpo- 
phore the two nuclei in each cell are of widely separated nuclear ances- 
try, duplicating exactly the condition found in the rusts previously 
described. The young basidium contains only two nuclei just as in 
the teliospore of the rust. These two nuclei fuse to form the primary 
nucleus of the basidium which then divides twice to furnish the nuclei 
for each of the typically four basidiospores. Levine (1913) who has 
studied this nuclear division in a number of species of Boletus y finds the 
218 
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loisii axes of the spindles in both divisions are commfaly transverse to 
ihi.: ^ong axis of the basidium* The spores in all of the forms studied 
l)v him are uninud^te at first. Just when the mytelial cells become 
rc'iuiarly binudeate has not been certainly ascertained except in a few 
forms. Presumably in Coprinus radialus the uninucleate spores give 
rise to uninucleate hyphal cells, but Levine finds in his BoHm studies 
th;ii the primary spore nucleus divides at once to form two nuclei. 
Presumably, the nuclear division in other forms may be delayed, until 
the primary mycelium has arisen. An alternation of generations com- 
parable to that of the rusts is also present in the Hymenowycetes and 
Gasteromycetes. The sporophyte begins at some indefinite point in 
the mycelium and extends through the development of the carpophore. 

A. Hymenomycetes. — The undivided basidia of these fungi bear 
four basidiospores perched on corresponding points, or slerigmata. 
These basidia spring directly from the mycelium in the primitive forms, 
but in the more highly evolved types, the basidia are borne on definite 
layers (hymenial layers) together with the paraphyses and cystidia 
characteristic of some of the forms. The hymenia are carried by special 
fruit bodies which differ structurally in the different famiUes. These 
fruit bodies arise from a profusely branched mycelium, which radiates 
through the organic substratum, which may consist of leaf mold, rotten 
iivood, dying tree trunks, and manurial waste. The hyphal cells are 
frequently united by clamp connections which probably give greater 
strength to them. Such are the saprophytes. Some of the hymeno- 
mycetous fungi are parasites and live in the bark and wood of trees, 
and some few are parasitic on the woody parts, leaves, flowers and 
developing fruits of certain shrubs. Sometimes, as in Armillaria mellea, 
the hyphge become united in strands with apical growth. These strands 
are known as rhizomorphs and serve in part as the resting organs. True 
sclerotia are also formed. The fruit bodies take various forms. The 
most highly developed types with stalk, cap and gills are known as 
toadstools. Some of the simple forms are club-shaped. Others have 
spines and pores instead of gills over which the hymenia are spread. 

Family i. Dacryomycetace^. — The fruit body is gelatinous, or 
cartilaginous, and of different shapes. The whole surface of the fructi- 
fication is covered with a palisade-like layer of long club-shaped basidia 
wliich bear two-forked basidia, each fork with a basidiospore. Conidio- 
spore formation occurs in a number of forms. The important genera 
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are Dacryomyces, Guepiniay Calocera. Dacryomyces deliquescens forms 
gelatinous, or gristly, lumps on tree stumps. Guepinia peziza is sapro. 
phytic on oak stumps. Calocera viscosa is a branched upright foria 
suggesting the true coral fungi. 

Family 2. FxoBASiDiACEyE.— The mycelium of the fungi of thl? 
family lives parasitically in the chlorenchyma of many shrubs. The 
fruit body is a thin basidial layer, which breaks out of the tissues of the 
host. Each basidium develops four basidio. 
spores; rarely 5 to 6 are formed. Some of the 
species form galls on the stems, leaves and 
flowers of ericaceous shrubs, such as species of 
Vaccinium, Rhododendron, Azalea, Andromek, 
etc. There arc two genera: ExobasidiumiYi^ 
84), with eighteen species; and Microstroma, 
with two species. Exobasidium caccinii (Fig. 
84) develops swellings on the leaves of species 
of Vaccinium of a whitish-red color. Iis 
basidia are club-shaped with four sterigma 
and four basidiospores. The basidiospores are 
spindle-shaped, 14 to i6iu long by 2 to 311 
broad, colorless and smooth. Exobasidim 
rkododendri forms enlargements of the leaves 
of species of Rhododendron of greater or less 
size; colored white, or flesh-colored. Ex- 

Tig, 84.— Floral gall ^i^sidium ledi occurs on Ledum in Finland, 
produced on flowers of , 

huckleberry, Gaylussacia Exobastdium andromedcB grows on leaves and 
by Exobasidium of species of Andromeda in Europe and 

vacctnn. Note enlarged ^ .... • e t 

and swollen calyx. (Pine America. Exobasidtum Azdeoe is found on 
^ ^ Azaka in North America. Ex- 

obasidium lauri forms widely spread, yellow 
then brownish, horny, or club-like galls on the stems of the laurel in 
Italy, Portugal and the Canary Islands. Exobasidium Warming 
attacks the living leaves of Saxijraga aizoon in Greenland, Tyrol and 
north Italy. 

Family 3. Hypochnace^. — The liymenium is cobwebby. The 
basidia have two, four or six sterigmata. Cystidia are sometimes present. 
Hypochnus occurs on old stumps, on leaves and on mosses, Tomen- 
iella is another genus. 
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Family 4. Thelephorace^. — Fruit bodies of a simple type are 
iourtd in this family. They form on three trunks, either flat 
leathery crusts with the hymenium on the smooth upper surfaces, or the 
flat fructifications are raised above the substratum and have bracket- 
like outgrowths, which show an overlapping arrangement with the 
hymenial layer on the under side. The important genera are Corticium, 
Skrenm and Thelephora, In Corticium, the fructification is leathery, 
membranous, fleshy, rarely wholly gelatinous, crust-like, growing resu- 



Frc. 85. — A piece of old oak timber rotted by Slereum frustulosum showing scat- 
tered fruiting bodies. {After von Schrenk, Hermann, Bull, 149, U. S. Bureau of 
?lanl Industry, 1909.) 

pinate. The hymenium is smooth, or pimply, and consists of club- 
shaped basidia with four basidiospores. The species are mostly 
found on wood. C. vagum-solani in its sterile form is known as Rhiz~ 
octonia, which apparently has been found on sugar beet, bean> carrot, 
cabbage, potato, egg plant and a number of other hosts. The hymeno- 
pKore of this species is white with short basidia and elliptic spores. 
It frequently entirely surrounds the green stems of its host near the 
ground. The persistent hymenophore of Slerewn is leathery, or 
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woody, attached laterally, or centrally, sometimes as a bracket with a 
smooth hymenium. Skreum hirsutum attacks oak trees in which the 
wood becomes brownish at first and in longitudinal section, white or 
yellow streaks are found, hence the common name white-piped, or 
yellow-piped oak. In the cross-section, these streaks are white specks 
and another name, that of “fly wood,” is apropos. Further decom. 
position follows. The rot of woods, known as partridge wood, where 
the timber becomes speckled with, white, is due to Stereum frustulosutn 



Fig. 86. — Coral-Hke fruit-bodies of Clavarta fiava. (Photo by W. H. Walm.dey.] 


(Fig. 85). The fruiting bodies are hard and crust-like, light brown to 
grayish in color. The smothering fungus of seedlings is 
terrestris and T. laciniatum. Soft leathery masses are found at the base 
young trees of the hard maple. These are numerous, shelf -like fruit of 
bodies, hemispheric in shape and in mass may completely surroun<i 
and smother the small tree. Hymenochmk noxia attacks tropic plants, 
such as cocoa, tea, bread fruit, camphor and the like. 

Family 5. Clavahiace.®. — The fairy clubs, or coral funguses belong 
here. The simple, or branched, club-shaped or antler-like hymeno- 
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phores are ^hy, leathery, cartilaginous, or waxy. The basidia are 
clavate, interspersed with cystidia and bear one to four sterigmata. 

PistillariGy Typhula^ Clavaria and Sparassis are important genera. 
Many of the species of Clavaria edible (Fig. 86), but some of them 
are tough and leathery. The color varies, as noted in the enumeration 
of common American species given below: 

Clavaria jlava (pale yellow) (Fig. 86). 

Clavaria aurea (golden). 

Clavaria hotrytes (red-tipped). 

Clavaria crisiata (crested^. 

Clavaria cinerea (ashen). 

Clavaria aurantio-cinnabarino (orange-red). 

Sparassis crispa, a common species, has its hy menial ridges fwo- 
jecting and much convolute, suggesting a mammalian brain. It is too 
tough to be edible. 

Family 6. Hydnace^. — ^The highest forms of this family possess 
the form of a mushroom, while others are sessile and are resupinate, 
others without a distinct cap are efifused. The hymenium is spread 
over with persistent bristles, teeth, tubercles or spines. The most 
important genera are Phlehia^ Kadulum, Grandinia Irpex and Hydnum 
(Fig. 87). The edible forms are included in the last two genera. 
The forms of Hydnum are extremely variable. The highest forms, 
such as Hydnum repandum^ have a cap with a central stipe, while 
in other forms it is lateral, or absent. In some of the lower forms, 
the piieus is resupinate. Projecting spines are covered with the 
hymcnial surfaces. A rot of hardwoods in America is due to Hyd- 
num coralloides. H. diversidens with its yellowish-white sporophore 
takes the form of an incrustation, or bracket with downward-projecting 
spines of unequal length. The hymenium renews itself by a new 
hymenium growing through -the old one. It causes a decay of timber 
known as white rot. Hartig gives a careful description of it, as it occurs 
in. Europe. H. caput-ursi is a bracket form growing as excrescences on 
living oak trees with its pendulous spines at first white, then becoming 
yellowish and brownish. H. caput-medusa has pendulous tufts of 
white to gray spines and is found on elms and oak trees. The spiny 
character of H. erinaceum (Fig. 87) suggests a hedgehog, hence its 
specific name. The last three are fleshy and edible. Irpex differs 
from Hydnum in having the spines connected at the base, and in 
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in their being less awl-shaped and pointed. /. ohliquus on stumps, /. 
carneus on tulip poplar, L fusco-violaceus on pine trunks are Americau 
species. 

Family 7. PoL\TOKACEiE.— The fruit body of the fungi of tilig 
family are of various substance and shape. The hymenium lines the 
inner surface of pores, or grooves, or is spread over the under surface of 
the fruit body. The depressions are either united vein-like grooves, 
tubes, or honeycombed cells, or twisted passages. Concentricallv 



Fig. 87. — Fruit-body of Hydnum erinaceum. (Afler Patterson, Flora W., and 
Charles, Vera K., Bull. 175, U, S. Dept. Agric., pi. xxxii, Apr. 29, 1915.) 


formed lamellae are found rarely. The consistency of the fruit bodies 
of these fungi is leathery, fleshy and succulent, while in some the fruit 
bodies are woody and perennial. The family is naturally divided into 
four subfamilies, as follows: Merulioide^, PoLYPOROiDEiE, Fistuiik- 
oiDEvE, Boletoide^. Each of these subfamilies includes fungi which 
are important economically. 

MERULOiDEvE.^This Subfamily includes two genera of interesiiug 
fungi: Merulius an<f Mycodendron. Merulius is represented by sixty- 
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thrfe species of which M. lacrymans^ the dry-rot fungus, is roost impor- 
tant. This fungus is of world-wide distribution, where it attacks 
structural wood work and timbers. It has been so long associated as 
a destructive agent with the structural wood work of men, that it was 
supposed to be an entirely domesticated form and not known to exist 
in the wild form. Recent investigations have shown that it occurs on 
living trees, which when used for structural purposes furnish wood 
which is liable to destruction later on. The mycelium of Merulius 
lacrymms (Fig. 88), usually gains access to dressed boards, joists, or 



Fig. 88.— Iirimattire fruiting stage of dry-rot fungus [Merulius lacrymans) de* 
vebping on the front of a board. [After Clinton, G. P., Rep, Conn. Ajric. Exper, 
.Sm., pi. xxviii, 1906.) 


rafters by the germination of one of its spores at a point where the beam 
may be in contact with a damp wall. Its mycelium penetrates the wood 
and usually grows lengthwise at first, the water for its extension being 
supplied by larger more tube-like hyphte known as the conductive hyphae, 
whicli carry water to the extreme end of the mycelial growth. The pres- 
ence of the fungus results in a decay of the wood, which is reduced to a 
brown punky mass, that crumbles between the fingers. ^ When the myce- 
lium conies to the surface of the wood, it forms a white felt-like covering 
studded with water drops, hence the specific name lacrymans referring 
^3 
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to the tear-like drops of water pressed out of the living hyphal cells. 
The mature sporophore is an amber-brown color covered wdth anasto- 
mosing wrinkles (Fig. 89) over the surface of which the basidia bearing 
basidiosporeS are borne. Two basidiospores are borne on pointed 
sterigma by each basidium. As the fungi by means of its conducting 
hyphae is independent of local water supplies, it can grow in wood, even 
if protected by an external coat of paint, or varnish, and the builder is 
chagrined to find such wood work crumble away beneath the coats oi 
paint. Mycodendron is a curious fungus with a fruit body whicli 
suggests a muffin stand, or a pagoda with superimposed, rounded, 



Fig. 89. — Fruiting stage of dry-rot fungus {Merulius lacrymans). {After OtM/on, 
G. P., Rep. Conn. Agric. Exper. Stai., pi. xxviii, 1906.) 


spore-bearing shelves through which the central stalk runs from one-liali 
to the next above. M ycode^idron paradoxiiw has been collected on 
wood in Madagascar. 

PoLYPOROiDE^. — This Subfamily includes tough or woody fungi 
found generally on wood as bracket-like fruit bodies of different 
forms and sizes. The spore-bearing surface, a hymenium, consists of 
furrows, or tubes. In the perennial-fruited forms, the tubes are often 
found in layers. Mycologists have made a natural division of the dit- 
ferent forms of fruit bodies into those which are resupinate, the annual 
peroid species, the perennial peroid forms and those species which are 
like the agarics. The various forms are of interest to the scienlilic my- 
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:ologist, but to the mycophagist they are of use as food. Only one 
poisonous form is known, and that is the medicinal one, Foms laricis, 
but it is so bitter and unattractive, as'not to be tempting. Some of 
them are destructive to living trees, to timber used for mine props, and 
itructural purposes, and to wood exposed to the weather, or in contact 
with the soil. 

The ease with which the polypores are collected and preserved 
makes them especially suitable for systematic study in the classroom. 
Besides, they retain their characters when dried, so that the keys used 
for their identification can be readily followed. Fortunately also we 
have several manuals which cover the different sections of our country. 
They are reasonable enough in price to be furnished for use in the class- 
room. It is suggested that boxes of the different kinds used for this 
purpose be filled with enough specimens to furnish each member of 
the class in mycology with one specimen of each kind. There should 
be a sufficient number of manuals of the region, where the botanic 
institute is situated, to supply every two members of the class with 
one, so that the students may use them in groups of two. The 
advertisement of the books is here reproduced for the use of teachers 
of mycology. 

MANUALS OF POLYPORES AND BOLETES 

By WiLUAM A. Murrill, A. M., Ph. D., Assistant Director of the New York 
Botanical Garden, Editor of “Mycologia,” and Associate Editor of “North American 
Flora.” 

Northern Polypores, November, 1914. Including species found in Canada and 
the United States south to Virginia and west to the Rockies. 

Southern Polypores, January, 1915. Including species found in the United 
States from North Carolina to Florida and west to Texas. 

Western Polypores, February, 1915. Including species found in the states on 
the Pacific coast from California to Alaska. 

Tropical Polypores, March, 1915. Including species found in Mexico, Central 
America, southern Florida, the West Indies, and other islands between North 
America and South America. 

American Boletes, November, 1914. Including ah the species found in temperate 
uid tropical North America, both on the mainland and on the islands, south to 
South ilmerica. 

As satisfactory keys of the different genera and species of the poly- 
pores and boletes are given in these manuals, and as it is presupposed 
diat their use will be adopted, keys of the more common genera and 
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species are not given space in this book. It should be stated, however 
that Murrill classifies his genera and species differently from the authors 
that have preceded him where many of the new genera were classified 
under the genera Polyporus and Boletus (Fig. 90). The arrangement 
of Murrill seems to be a more satisfactory presentation of these groups 
than those systems which have gone before and is founded on more 
natural characters. The nomenclature which this author adopts in 
the several recommended manuals was foreshadowed in vol. 9, part i 



Fig. 90 . — Boletus felleus in three stages of development, {After Batter son, Flora It. ■ 
and Charles, Vera K., Bull, its, S. Dept. Agric., pi. xxxi, Apr. 29, 1915.) 


(1907), and part 2 (1908) of the '‘North American Flora,” where keys 
will also be found with the synonymy which has been omitted from the 
manuals. To connect satisfactorily, the old and the new generic and 
specific names, the treatment of the Polyporacej: in the “North 
American Flora” should be consulted. 

Trametes robiniophila is found on decayed spots of living trunks ot 
Robinid pseudacacia from Pennsylvania to Virginia and Missouri, and 
it doubtless causes decay of the wood. T. suaveoleus is found on willow 
trees, where it causes serious decay. It has an agreeable odor, t 
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mhnmsa is occasional on dead deciduous wood in Florida, Louisiana 
ind Mississippi. At New Orleans, it was collected on living water 
)ak and at Eustis, Fla. on cypress, The species become more abundant 
n tropic America where nine have been found. T. jalapensis was col- 
ected on a railway tie near Jalapa, Mexico. The species of Coriolus 
ire annual. It includes Coriolus {Polyporus) versicolor found on all 



Fig. 91. — Piece of dead wood with sporophores of Fames fomentaius . (After von 
Schenk, Hermann, Bull, 149, U. S. Bureau of Plant Industry, pi. vHi, 1909.) 

kinds of dead wood. It causes root rot in many trees and becomes a 
wood parasite of Catdpa, It has a leathery, thin and rigid hymeno- 
phore depressed at the point of attachment. The surface is velvety 
and variegated with two-colored zones. The pores are minute rounded 
with ragged edges, white then yellowish. Polyporus arcularius is com- 
hi the eastern United States on dead branches and trunks of vari- 
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ous trees. P, caudicimis is one of the most dangerous enemies of shade 
trees in Europe but, fortunately, it is rare in America. 

The genus Pomes includes the fungi with corky, woody, or rarely 
punky hymenophore, which is sessile, hoof-shaped, or applanatc (Fig. 
91). The substance of the fruit body is white, flesh-colored, or wood- 
colored. The tubes are cylindric and usually thick walled. Pom 
amosus will live on trunk and roots of coniferous trees, Pomi 
{Pyropolyporus) igniarius causes serious heart rots of trees. It was 
formerly the source of tinder. Deeddea quercina (Fig. 202) is a cody, 
or woody, species common on oak and chestnut trees. It is at first 
porous, but these pores coalesce to form slits with blunt partitions, 
It is very common about Philadelphia. Lenzites betulinus is common 
on dead deciduous wood. 

FiSTULiNoiDEiE. — The most important genus of this subfamily is 
Fislulina^ which comprises about six species. F. hepatica is the com- 
monest form, and is known by its English name beefsteak fungus or, 
in French, langue de boeuf. The tongue-shaped fruit body projects 
from the tree and is six to ten inches across with a liver-colored and 
sticky gelatinous surface. The mouths of the tubes are closely packed 
It is edible, when fully mature, its flavor resembling beefsteak. 

Boletoide^. — The members of this subfamily are tube-bcarhi 
fungi differing from the Polyporoide^ in their fleshy substance and 
terrestrial habit. They have a cap and stipe like a mushroom, but 
porous tubes instead of gills on the under cap surface. They occur 
usually in forested tracts during summer and autumn. The annual 
hymenophore is usually centrally stipitate. Many of the best edible 
fungi (few of them poisonous) are found in this subfamily, which in- 
cludes, according to Murrill in North America, Central America and 
the West Indies, as far as Trinidad, eleven genera. 

Boletus {Tylopilus) felleus (Fig. 90) is common in woodlands. It 
is discarded as, an edible form, because of ite bitter taste. Forty-eight 
species of Ceriomyces are listed by Murrfll for America. The genus 
Boletus proper is made to contain only five species, while Strobilomycti 
strobilaceus still retains its old name. This rough shaggy form is 
regarded as edible. 
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MUSHROOMS AND TOADSTOOLS 

Family 8. Agaric ACE^.~T he mycelium of the fungi of this fam- 
ily lives in the substratum, which may be the soil, leaf mould, rotten 
wood, old stumps, dead tree trunks, or living trees, as far as the natural 
environment is concerned, and in manures, in the decay of agricultural 
plants in the fields, offal, spent tan bark and rubbish heaps, as far as 
man has influenced the environment. The hyphse may be delicate and 
cobwebby, thread-like, cord-like, or in strands (rhizomorphs). They 
are always septate, sometimes with clamp connections and their color 
may vary from white to yellow, or brown {Armillaria mellea). The 
fruit bodies are mostly fleshy, rarely of membranous, or leathery, con- 
sistency. Usually of an umbelloid form, they may have a sessile cap, 
or pilciis, or the stalk, if present, may be attached laterally, although 
it is placed centrally as a general rule. The hymenophore consists of 
radiately arranged veins, folds, or gills (lamellae), which are generally 
free from each other, seldom anastomosing, or dichotomously branched. 
As the popular name toadstool is suggestive of the commonest form 
of these fleshy fungi, a few words of explanation with regard to the 
general structure will be apropos. Attached to the spreading myce- 
lium we find arising vertically the stalk, or stipe. The height of this 
varies in the different genera and species. Sometimes it is enlarged 
at the base, at other times, the stalk is perfectly cylindric. The sur- 
face of the stipe may be smooth, rough, reticulate, or stringy, and its 
center may be solid, stuffed, or hollow, as the case may be. An annu- 
lus, such as is present in the common mushroom, may in other forms 
be absent, or well developed. Placed on the stem, or stipe, above we 
find the cap, or pileus, which is expanded horizontally. It has a 
domed, convex upper surface sometimes with a projecting boss, or 
umbo; in other forms it is depressed (crateriform, ombilicate, etc.). 
The gills, or lamellae, are attached to the lower surface of the pileus. 
They may run from the stipe to the margin, or they may run only 
part way, so that frequently there arc secondary gills alternating with 
231 
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the primary ones. The gills may be free from the stipe, adnexed, oi 
even decurrent. 

A section of a mature gill shows the following disposition of the 
hyphal layers. The central part of the gill consists of parallel, down- 
ward directed hyphae, that form the trama. Running out obliquely 
from the trama are shorter cells which constitute the subhymenimn. 
The basidia, together with their accompanying pnraphyses and cysti- 
dia, form a palisade-like layer (the hymenium) whose cells stand at 

right angles to the tramal hyTih®. 
The basidia are furnished with 
sterigma, which bear the basidio- 
spores (Fig. 92). In such forms 
as the common mushroom, the 
gill chamber is at first closed by 
a veil known as the partial veil, 
or velum partiale, which ruptures 
when the pile us expands. The 
part of this membrane attached 
to the stipe becomes the annulus, 
while the other part remains at- 
tached in a shreddy condition 
to the edge of the cap. The 
species of Amanita have a univer- 
sal veil which covers the whole 
fruit body, and as this enlarges 
the velum universale is torn trans- 
versely, the lower part forming 
the death cup, or volva, and the 
upper part sometimes remaining 
in the form of flaky pieces, which 
are distributed irregularly over the upper surface of the cap (Figi 93). 

A frill-like annulus is also found at the top of the stipe in the Amani- 
tas. It does not represent a portion of the partial veil in the Amanitas, 
but is a membrane which is formed from a thick, loosely felted 
layer, which separates as elongation proceeds from the surface of the 
stipe, retaining its connection with the stipe where the stalk joins the 
cap. It is pulled away from the stipe by retaining its connection with 
the edges of the pendant gills as a continuous membrane, which covers 



Fig. 92. — Cuprinus stercorarius 
young and mature sporophores with gills, 
basidia and basidiospores and cystidia. 
{After Brefeld.) 
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he gills- As the pileus expands the membrane becomes detached first 
t the margin of the cap, and it falls down around the stipe, as a frill, 
ilaitecl in delicatfe folds, corresponding to the former lines of contact 
alh the lamellse and is now known as the annulm superuSy frill, or 
.rmilla. Special milk tubes are found in such forms as species of Lac- 
%rm for when these toadstools are wounded a milky fluid oozes out in 
[tops. Each basidium usually bears four basidiospores, sometimes 
here are two. The color of these spores is distinctive, and is used in 



Fig. 93. — Deadly amanita {Amanila muscaria) showing volva at base of stem 
tnd frill, like stem ring. (After Chestnut, V. K., Bull. 175, U. S. Dept. Agric., pi. i, 
ipr. 29, 1915.) 


;lie classification of the genera of the family. We distinguish the 
^'hite-spored, rosy-spored, ochre-spored (yellow or brown), brown- 
spored, black- spo red agarics. 

BuUer in his “Researches on Fungi'’ (1909) has carried on detailed 
ftudies with numerous species of gill fungi and has studied the physi- 
ology and mechanics of spore discharge and fall. The disposal of the 
fiymenium beneath a pileus on gills, the rigidity of the fruit body, the 
growth movements of the fruit body, all facilitate the distribution of the 
tlischarged basidiospores. The spores liberated from a pileus in per- 
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fectly still air placed above a horizontal sheet of paper fall Vertically 
downward and produce a spore print of radiating lines of spores coi- 
responding to the interlamellar spaces. The number of spores liberated 
in Agaricus {Fsalliota) campesiris (Fig. 94), 8 cm. in diameter, was 
1,800,000,000 spores. Coprinus comatus formed 5,000,000,000 spores, 
Such discharge under normal conditions is continuous, but by exposing 
the gills to ether, or chloroform vapor, it ceases. Duller determined 
that the four spores on each basidium are discharged successively leav- 
ing the sterigmata a few seconds or minutes of one another, so that an 
entire mushroom will discharge in total about a nuUion spores a minute 



Fig, 94. — Meadow mushroom, Agaricus campesiris A, View of under surfarf; 
a, annulus; g, gills; B, side view; s, stipe; p, pileus or cap. (From Gager, after 
Murrill.) 

for two or more days. The rate of fall of hymenomycetous spores ranges 
from 0.3 to 6.0 mm. per second; those of the mushroom shortly after 
they have left the gills fall at a speed approximately i mm, per second. 
The path described by a spore in its fall has been called a sporabola. 
Duller has divided the fruit bodies of the Agakicace.® into two types, 
the Coprinus comatus type and the Agaricus campesiris type. The 
deliquescence in the first type is an autodigestion, which renders impor- 
tant mechanic assistance in the process of spore discharge, where the 
process proceeds in succession from below upward, so that autodiges- 
tion removes those parts of the gills from which the spores have been 
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(iiscl’>:w'ged, and permits the spores to fall more easily past the neighbor- 
ing gill surfaces. 

Development of the Fruit Bodies. — Atkinson*^ has studied the develop- 
jjjent of the mushroom {Agaricus {Psalliota) campestris) (Fig. 94). — 
-phe youngest stage is the homogeneous primordium of the carpophore 
•composed of slender, uniform, dense hyphse, intricately interwoven, and 
jsurrounded by a thin layer of hyphse of a looser arrangement. This 
■Javer is the universal veil which gro^ until the form of the fruit 
appears when it is torn into white floccose patches on the pileus. In 
ithe very young primordium then there is no evidence of a differentiation 
linto stem and pileus and at this stage stained longitudinal sections show 
‘two small deeply stained internal areas near the upper end of the young 
Ifruit body and some distance from the surface. The hyphs here are 
richer in protoplasm and form an annular area within the fruit body. 
This area now increases in extent and many hyphse grow from its 
upper portion downward to form the primordial layer of the hymenium. 
These downward growing hyphse are slender and terete and taper 
pointed, which enables them to push between the surrounding hyphse. 
Soon after these hy menial hyphse grow downward there is a cessation of 
growth. Just below this area which results in the rupture and separa- 
tion of the hyphse at this point in a corresponding internal annular area, 
forming the well-known ‘'gill cavity” which at first is very minute. 

With the formation of this annular primordium of the hymenium 
the primordia of the stem, veil and pileus are differentiated. The 
period of elongation of the parts after they have been organized follows 
in succession. The marginal veil completes its period of elongation 
first, then the stem, followed by the pileus, and finally, the hymenium 
where in examples studied Atkinson secured two-spored basidia. 

A somewhat similar development takes place in Agaricus Rodmani, 
a form which grows in grassy ground and paved gutters in cities from 
May to July. The sequence of events in the growth of the fruit body is 
given by Atkinson.^ He finds that the primordium of the fruit body 
is oval in form and homogeneous in structure, consisting of intricately 
woven hyphae. The hymenophore primordium arises as an internal 


^Atkinson, George F.: The Development of Agaricus campestris. Botanical 
Gazette, 42: 21 5-2 21, September, T906. 

'Atkinson, George F.: Morphology and Development of Agaricus Rodmani. 
ftoceedings American Philosophical Society, 1915; 309-343, with 7 plates. 
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annular zone of new growth toward the upper part of the young fruj^ 
body (basidiocarp) and with its origin the four primary parts of tk 
basidiocarp, pileus, stem, marginal veil and hymenophore are differen. 
tiated. By the continued growth and multiplication of hypha rich 
protoplasm, which are parallel and directed downward, the hymeno- 
phore primordium becomes more compact to form a level palisade 
zone, and as the ground tissue beneath lags behind in growth, the more 
rapid growth of hymenophore causes a rupture of the ground tissue 
beneath and an annular gill cavity arises. The lamellae project into this 
cavity, as downward-growing radial salients of the level palisade zone, 
beginning next to the stem and proceeding in a centrifugal direction. 

CuUivalion of the Mushroom . — The commercial growing of mush- 
rooms has been placed upon a sure financial basis within recent years 
and around Philadelphia, notably in Chester County, there are large 
concerns which make the culture of mushrooms a specialty. Must 
room cultivation is an important business in Europe, especially in 
France where certain of the grades are canned and bottled for export 
trade. Mushrooms are grown in America in long mushroom houses, 
or sheds especially constructed and heated for the purposes of the trade. 
Cellars are also devoted to the industry. Sometimes they are growTi 
under the benches of greenhouses devoted to the raising of Other plauU, 
The beds are so constructed of boards that they rise in tiers of four, or 
five with a central aisle, or in the larger houses there are tiers of beds 
along the walls and in the center of the house with two aisles running 
lengthwise with a cross aisle at the far end or in the middle of the house, 

Stable manure is used as the compost for commercial mushroom 
culture. Bedding straw should also be included with the manure m 
the compost. The manure should be the best that can be obtained. 
It should be thrown into piles about four feet high and forked ovei 
occasionally to assist the fermentation process, which is assisted further 
by wetting the fermenting mass occasionally until the fermentation i: 
completed, which is usually at the end of three weeks. During thi; 
time all objectionable odor should be lost and the temperature shouli 
decline to 1 20° or i3o°F. Out of this compost the beds are constructs 
by compressing the mass with blows of a spade, or by a compressin! 
board. Growers cover the manure bed with a thin layer of garden soi 
one to one and a half inches deep. This operation is known as casing 
and is performed after the spawning operation has been completerJ 
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Spawning consists in breaking up the bricks of spawn into about ten 
jiecc- and one piece of spawn, which consists of hard manure pene- 
rateil by the mushroom hyphae, is used for each square foot of bed 
jpace. The piece of spawn should be covered by about one inch of 
compost which should have a temperature of 70^ to 75®^. The casing 
;oil should be well moistened by repeated sprinkling, and not by a sud- 
den drenching. Under favorable conditions, such a bed should come 
[nto bearing in from six to eight Aveeks after spawning, and during the 
period of production constant care in the matter of watering is neces- 
sary to keep the beds up to the maximum conditions of production. 
The making of spawn is an art in itself and the process is fully described 
in a recent book by B. M. Duggar on “ Mushroom Growing,” published 
in 1915 by Orange Judd Company, New York. Uuggar also ascer- 
tained in his studies of the mushroom that fragments of growing mush- 
rooms obtained under aseptic conditions could be made the starting 
point for pure cultures of spawn. This is based on the fact, that a 
small piece of the inner stipe tissue of a fresh mushroom will, when 
placed on any suitable sterile nufrient medium, promptly develop a 
niycelium. The method of making pure cultures is described in Bulle- 
tin 85, Bureau of Plant Industry, United States Department of Agri- 
culture and in Duggar’s ^‘Mushroom Growing” and need not be re- 
peated here. 

Chemistry and Toxicology of Mushrooms. — With the increase 
in the cost of living and in our population, which is beginning to feel the 
shortage of food supplies, earnest attention has been directed to foods, 
such as the edible wild fungi, which are frequently abundant during the 
summer months. One phase of this study has been the investigation 
of the food value of mushrooms and toadstools. Chemical analyses 
lave been made to ascertain what they contain. It has been found, 
hat such a fungus as Polyporus sulpkureus, has over 70 per cent, of 
A'ater, while species of Agaricus and Coprinus have fully 90 per cent, 
if water. As to nitrogen, although the proportion of this element in 
the dry matter of different fleshy species varies from 2 to 6 per cent., it 
has been found that much of the nitrogen is present in the form of non- 
?mtein substance of a very low food value and some of it enters into 
the composition of a substance closely related to cellulose. Thus, not- 
withstanding the fact that Coprinus comatus contains 5.79 per cent, of 
iitrogen, we find only 0.82 per cent, as available (digestible) proteins, 
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SO that the food value of this form is less than had formerly been sup.* 
posed. The fatty substances soluble in ether are present to the amoujt 
of 4 to 8 per cent. The carbohydrates (cellulose, glycogen, trehalose, 
mannite, glucose, etc.) make up the largest part of the dry matter 
the mushroom. Starch usually present in higher plants is absent h 
these fungi. The ash varies greatly, varying from 1.08 to 15 percent 

with potassium as the most 
abundant element. Sulphuric 
acid occurs in the ash of all fungi 
with 1.58 per cent, in the ash cl 
Helvetia esculenta. 

. The poisonous substances are 

alkaloids, such as choline, found 
in Amanita muscaria^ /ielzid/j 
escidenta and other fungi, nenrin 
(deadly), muscarin, the most 
dangerous alkaloid found in toad- 
tools, as in Amanita muscark 
tFig. 93). Phallin, a deadly 
poison, found in Amanita pkl’ 
hides, is albuminous in nature. 
Helvellic acid, a deadly poisonous 
substance, occurs in Hehella w- 
culenia, especially in old decaying 
specimens. The symptoms of 
poisoning with muscarin are long 
delayed. They may be summed 
up in the words of Mr. V. K. 
Chestnut (Circular No. 13 Divi- 
sion of Botany, United States 
Department of Agriculture): 
“Vomiting and diarrhoea almost 
always occur, with a pronounced flow of saliva, suppression of the 
urine, and various cerebral phenomena beginning with giddiness, 
loss of confidence in one^s ability to make ordinary movements, and 
derangements of vision. This is succeeded by stupor, cold sweats, 
and a very marked weakening of the hearths action. In case of rapid 
recovery, the stupor is short and usually marked with mild delirium. 



Fig. 95. — Deadly amanita. Amanita 
phalloides, showing death cup, or volva, at 
base of stipe. {From Gager, after E. M, 
Kittredge.) 
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n fatal cases, tfie stupor continues from one to two or three days,. 
,nd death at last ensues from the gradual weakening and final stop- 
of the heart’s action.” Fortunately an antidote has been found 
n the hypodermic injection of atropine in doses of one-hundredth to 
, Tie-sixtieth of a grain. Strong emetics should also be used to rid the 
tomach of the offending food. The action of phallin from Amanita 
>kalloides (Fig. 95) for which no antidote is known except the adminis- 
ration of emetics and the transfusion of blood into the patient, which 
[lay be of little avail is best summed up in Chestnut’s account: “The 
undainental injury is not due, as in the case of muscarin, to a paralysis 
if the nerves controlling the action of the heart, but to a direct effect 
III the blood corpuscles. These are quickly dissolved by phallin, the 
)lood serum escaping from the blood-vessels into the alimentary canal, 
,nd the whole system being drained rapidly of its vitality. No bad 
aste warns the victim, nor do the preliminary symptoms begin until 
line to fourteen hours after the poisonotSfe mushrooms are eaten. There 
s then considerable abdominal pain and there may be cramps in the 
egs and other nervous phenomenay such as convulsions and even lock- 
aw, or other kinds of tetanic spasms. The pulse is weak, the abdom- 
nal pain Is followed rapidly by nausea, vomiting, and extreme diarrhoea, 
he intestinal discharges assuming the rice-water condition characteristic 
)f cholera. The latter symptoms are maintained persistently, generally 
without loss of consciousness, until death ensues, which happens in 
rom two to four days.” 

B. Gastkromycetes.~ The fungi known as the Gasteromycetes 
Aaff-yfp ~ belly, sac + = fungus) have the basidial layers, or 

lymenium, enclosed within a peridium, as in the common puff-ball. 
The shell or hull enclosing the masses of spores is called the peridium, 
-vhich is a simple uniform layer in some genera {Scleroderma)^ or it con- 
iists of two distinct layers, the exoperidium and the endoperidium. 
The earth-star (Geaster) has^ a thick outer peridium, which splits in a 
stellate manner, later becoming reflexed. The exoperidium in such 
jciiera as Bovista and Lycoperdon is a loose pliable coat often having 
'pines and warts. Many of the genera are stalkless, but other genera, 
iuch as Tylostoma, are stalked. Inside of an unripe puff-ball, we find a 
<vliLte fleshy mass of soft cellular matter, the gleba. As the fruit 
bodies grow they become chambered. The chambers, in countless 
tiumbers, are narrow, irregularly curved and branched, separated from 
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each other by curved plates of tissue which anastomose in every direc. 
tion. T^he walls of the chambers consist of layers of branched hypjij 
bearing the basidia which line the interior walls of the cavities andcon. 
stitute the hymenium. Each basidiuih usually bears four sporg, 
The way the spores are borne on the basidia is characteristic. They arj 
almost sessile in Geaster, in Bomsta they are found on long sterign^ati, 
Mitremyces may have as many as a dozen basidiospores, which an 
sessile and lateral. 

When the puff-ball reaches full size and ripens, the tissues becomi 
moist, deliquesce and change in color. The tissues are absorbed ani 
disappear and the whole mass dries up, leaving the interior sm 
rounded by the peridium filled with a dry dusty mass usually cor 
sis ting of slender threads (the capillitium) and countless mult 
tildes of ripe spores. The threads of the capillitium are absent in man 
genera, but when present they are characteristic and used as importai 
points in the classification. There are two distinct kinds of capilliti 
threads. In one kind, the threads are long hair-like strands, simp) 
more or less branched and interwoven, proceeding from the inner wal 
of the peridium, or from the centrally placed columella. The secoiw 
type, characteristic of Bovista^ Bovistella and Mycenastnm, has rela- 
tively short and branched threads entirely separate and distinct from 
each other and are not connected with the peridium nor the colunidk 
The bird-nest fungi are characterized by the thickening of thewallsoi 
the glebal chambers to form separate little seed-like bodies enclosing ik 
spores. These are known as peridioles. The ripe spores in some are 
smooth, some are spinulose, while in shape they are globose, oblong or 
oval. 

The most primitive forms of these fungi are probably the subler- 
rancan forms included in the family Hymenogastrace^. In ont 
classification of the Gasteromycetes, the division of the families i: 
based on whether the sporophore is borne above or below the ground 
The family Hymenogastrace^ with subterranean fruit bodies belong 
to one division, all of the other families to the other division. 

Family j. Hymenogastrace^.— The subterranean fruit bodies o 
these fungi suggest those of the families TereeziacejE and Tubekack; 
among the ASCOMYCETALES, but the spores of the two latt« 
families are borne in asci, and are known as ascospores, while those c 
the former family are borne on basidia and are known as basidiospore 
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Most of the forms are irregularly globose and grow under trees, some- 
limes their association with certain kinds of trees suggesting a para- 
sitic attachment. They are often found in sandy places, where they 
ire exposed frequently by rain erosion. The mycelium of these fungi 
s ftlanientous, or cord-like. The gleba is richly chambered and the 
walls of the glebal chambers are lined with the hymenium. Cystidia 
are often found between the basidia. The fruit bodies are variously 
shaped. In Lycogalopsis, they are hemispheric; in PkyUogaster, pear- 
shaped; in Cauloglossum, club-shaped; some are stalked and suggest 
the shape of the Agasicace^. 

Very few of the forms are known commonly, and of the dozen Cali- 
fornian species, many are known imperfectly by a single collection. 
Oaidieria and Sderogaster have each a single species in California; 
Hymenogaster and Ociaviana are represented by two Californian species, 
while Uysterangium and Melanogaster have three species in California. 
Two species of Rhizopogon and one of Melanogaster are found in South 
Carolina. The climate probably has something to do with this 
distribution. 

Family 2. Tylostomace^. At first, the fruit body is subter- 
ranean, later as in Tylostoma mammosa, a form found in heathland, it is 
raised on a stalk not prolonged as an axis. The peridium is double, the 
outer one falling off at maturity, the inner one is thin. The uncham- 
bered gleba possesses well-developed capilUtial threads, which are con- 
nected with the inner wall of the endoperidium. The basidia in 
Tylosloma are unicellular, club-shaped and bear four laterally placed 
spores, one above the other on well-developed sterigmata, thus differ- 
ing from the other two basidiomycetous fungi. 

Family 3. Lycoperdace^. — The fruit body from the beginning is 
epigaeic. Its gleba is chambered richly and the inner walls of each 
chamber are lined with a hymenium. The peridium is differentiated 
into an outer and an inner peridium. The gleba, when ripe, breaks 
down into powdery spores and richly branched capillitial threads. This 
family contains some of our most delicious and important food species, 
if they are taken before fully mature. The genus Ly coper don, in which 
the true peridium opens by an apical mouth, includes over one hundred 
species, which in America can be divided into the purple-spored series, 
and the oli ve-spored series . Lycoperdon atropurpureunt i^ found in sandy 
pastures, woods and bushy places commonly in the months from August 
16 
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to October. It is an extremely variable species, Lycoperdon grnimn. 
tum^ an oUve-spored species, has a turbinate shape, its outer peridiuj^ 
being marked with long, thick, erect spines, or warts of irregular shape 
with intervening smaller ones, whitish, or gray in color. The larger 
spines fall away first imparting to the surface of the pepdium a retici], 
late appearance. It often grows cespitosely on the ground, or lotitj 
tree trunks in woodlands. Lycoperdon pyriforme another cornmou 
species found in woods and clearings on the ground, or on decaying 
wood. It is edible, tender and of second-class flavor when youn^ 



Fig. p6. — Fruit-body uf Calvatia cyathiformis. {Photo, by W. 11 . IFato/fv.) 


The largest puff-balls are included iir the genus Calvatia (Vig. 96); 
which differs from Lycoperdon in the absence of an apical mouth and 
a regular dehiscence. The fruit bodies are globose, or top-shaped, aris 
ing ou the surface of the ground from subterranean, coid-like hyph* 
Calvatia cyathiformis (Fig. 96) which is edible, if eaten when white in 
side, grows in open grassy fields and lawns and reaches a diameter ol 
three to six inches. Calvatia gigow/ca, the giant puff-ball, grows ir 
pastures and meadows. Usually the fruit bodies are ten to Iwcnl) 
inches in diameter and even larger. The genus Bovista has a fragile 
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.jojseridium, and in the absence of a sterile base and the fact that the 
ruit body separates easily from the place of attachment it is distin- 
inislied from Lycoperdon. Because they are readily detached and 



Fig. 97. — Specimen of Geaster fornicatus from Carleton Rea, England. {Afler Lloyd, 
J. U., and C. G., Bull. $, Lloyd Library, June, 1902, Mycological Series No, 2.) 


readily blown about, they are called “tumblers,” Catasioma has an 
outer peridium which splits by a circular line of cleavage, so that the 
lipper part is dislodged carrying along with it the inner peridium which 
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opens by a mouth that is situated at the actual base of the plant as it 
grows. The lower part remains as a saucer-shaped body in the soil. 
A capillitium is present. Catastoma circumscissum is the common species. 

The earth stars are included in the genus Gm/er, where the peridium 
consists of three persistent coats, the two outer adhere and split into 
leathery, stellate divisions exposing the parchment-like inner peridium 
which opens by an apical pore (Fig. 97). It has a columella. The spores 
are dark brown and mixed with the simple capillitial threads, 
hygrometricus is the common species. It grows in sandy soil and in dry 
weather its segments are strongly recurved, but in wet weather they 
expand, hence the plant is sometimes dubbed poor man’s weather 
glass. Astmus, which resembles Geaster, is distinguished by the 
absence of a columella and by the long capillitial threads which are 
much branched and interwoven. 

Family 4. Nidulariace^ — The following account of the family 
of bird’s-nest fungi is taken from Bulletin 173, United States Depart- 
ment of Agriculture, on Mushrooms and Other Common Fungi” by 
Flora W. Patterson and Vera K. Charles. Dried material of these 
fungi might be kept for use by the class in, the systematic study of the 
higher fungi with the following key at hand. The types should he 
used as unknowns. 

Members of the family Nidulariace^ are represented by small, 
leathery, cup- shaped plants grownng on old sacking, manure, earth, and 
decaying or dried wood. The common name is suggested by the form 
of the peridium, which is cup-shaped and contains many small, lenticu- 
lar bodies (peridiola) resembling eggs. The mouth of the peridium is at 
first covered by a membrane (epiphragm), which later becomes ruptured 
and exposes the peridioles. In Cyaihiis z.nd Crucihulum, the peridi- 
oles are attached to the inner wall of the peridium by elastic cord? 
called funiculi. The spore-bearing tissue and spores are never resolved 
into a dusty mass, as in many Gasteromycetes, but persist in the 
form of peridiola which contain the spores, which are hyaline and 
ellipsoidal to subglobose. 

Key to Nidulariace^ 

Feridium with several to many sporangioles: 

Peridium torn at the apex in opening — 

Sporanpoles not attached to the inner wall of the peiicfium. Nidulark- 
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i\ ddium opening by a dedduous membrane— 

Sporangioles attached to the inner wall of the peridium — 

Peridium of three united layers and spores mixed with 

filaments Cyalhus. 

Peridium of a single layer and spores not mixed with 
filaments Crucibulum. 


Cyathus 

In Cyathus the peridium is cup-like and composed of three layers, 
rhe apex is covered by a white membrane, which bursts, disclosing egg- 
ike bodies, the peridiola, which usually fill about one-half of the cup. 
The peridiola are attached to the inner wall of the peridium by an elastic 
:ord, which is attached to each peridiolum in a depression on one side. 

Cyathus stercoreus 

Peridium cylindrical, campanulate to infundibuliform, sessile or with an elon- 
;ated base, light brownish, at first with shaggy, matted hairs which disappear in age, 
nU-rior smooth and nonstriate; peridiola black. 

Cyallms stercoreus is an exceedingly common species and is to be found growing 
)n manure or in heavily manured places. It is subject to considerable variation in 
;ize and form. 

Cyathus slriatus 

Peridium obconic, exterior even, brownish, hairy, interior striate, lead-colored; 
ipex truncate, covered by a white membrane, which is at first strigose; peridiola 
zompressed, subcircular. 

Plant one-half to three-fourths inch in height and about three-eighths inch in 
diameter. 

Cyathus vernicosus 

Peridium bell-shaped, subsessile, base narrow, broadly open above, exterior at 
first brownish, silky tomentose, becoming smooth, interior dull lead color, smooth. 
BiSers from Cyathus sirialus in the even, non-flu ted inner surface of the peridium and 
in the larger peridiola. 

Plant about one-half inch in height and about three- eighths inch in diameter. 

Crucibulum 

111 Crucibulum the peridium is cup-shaped and consists of one thick 
brous layer, lined by a very thin, smooth, and shining layer. The 
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mouth when young is covered with a yellowish tomentose meml'rane 
the petidiola are more laumerous than in the preceding genus, and eathis 
attached to the peridium by an elastic cord which springs from :i pro. 
jection on the peridiolum. The plants are smaller than in the genus 
Cyaihus. 

Crucibidtm vulgare 

Peridium yellowish-brown, becoming paler with age, outer surface when young 
velvety tomentose, inner surface smooth and shining; mouth at first closed by a y^. 
lowish membrane, which ruptures and exposes the peridiola. Peridiola biconcave, 
with a projection on one side from which originates the elastic cord whirh attaches 
the peridiola to the peridium. 

Plant about one-fourth inch in height and about the same in diameter. 

Famiiy 5. SCLERODERMACE^.. — The fruit bodies of the fungi ij. 
eluded in this family are subterranean, or epigeic, globose, sessile, or 
occasionally with a root-like stalk. The peridium is generally simple, 
thick, rough, warty, or scaly, opening irregularly at maturity. The 
gleba consists of rounded basidia-bearing parts, which are separated by 
sterile veins or strands of hyphae. The individual basidia are pear- 
shaped to club-shaped with spores which are often lateral in position. 
The capillitium is rudimentary. Scleroderma is the most common genus 
with sessile fruit bodies and thick, hard, leathery peridium, frequently 
warty. It usually bursts at the apex into stellate lobes. Scleroderm 
geaster grows in sandy woods, banks or along roadsides. S. vidgm 
is common in dry situations, or hard ground, along cinder paths and 
gravel walks. 

Family 6. Sph^robolace^. — The fruit body is on the surface oi 
the ground. The periphery of the gleba is furnished with a palisade- 
like layer of radially arranged turgescent cells. The basidia-bearing 
portion of the gleba is penetrated by sterile veins, or hyphal strands. 
When ripe the gelatinous gleba is forcibly ejected from the fruit body by 
the inversion of the palisade-like layer. The family includes a single 
genus, Spkeerobolus, of five species, The best-known species is S. c&- 
poholiis of cosmopolitan distribution. 

C. PHAILOMYCETES.—The carrion fungi, stink-horn fungi, or dead- 
men’s fingers, resembles the button stage of the Amanitas, and the puff- 
balls when still young, but later the outer wall is ruptured and the stem 
elongates carrying upward the sporogenous tissue as a terminal cap, 01 
enlargement. The subterranean mycelium is cord-like and from it the 



MUSHROOMS AND TOADSTOOLS 


247 


iruit body arises which has a peridium of two or three layers. The 
ouler ])eridiura is leathery and tough, while the inner peridium is gelat- 
inous at maturity. The outer peridium remains at the base, as a 
cup railed the volva. The sporophore, pileus, or cap, is raised up on the 
end of a stalk, or stipe, which is usually spongy in character. The 
sporophore takes a variety of forms, but in all cases, its outer surface at 



ijii . — Clalhrux cancellatus, fully mature fruit-body, natural size. {After Ed, 
Fischer^ Die naturlichen Fjiansenfamilien L lA***, p. 282.) 

irst represents the hymetiium which deliquesces at maturity, so that the 
uiniUe spores are imbedded in a greenish, fetid slime, which gives off a 
'enelniting, nauseating odor, attractive to blue-bottlc flies, that lick 
ff ihv, malodorous slime with evident enjoyment and ^re the agents 
y which the spores are distributed. In fact, it has been proved that 
liebasidiospores germinate better after passage through the alimentary 
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canals of flies. The gleba is the fruiting portion of the phalloid anditj 
bulk appears considerable in the early egg-shaped stage of th‘: fmii 
body. As the carrion fungus matures, it forms proportionately iesso{ 
the fruit body, for it is converted into the greenish, mucilaginous mass 
which is remo ved by the flies. Some forms like Dictyophora have a veil 
that hangs under the pileus and spreads out as a net around the stem. 
Although it is called the veil, it is more correctly the indusium, % 
sporophore in genera like Clafhrus (Fig. 98) takes the form of a holloif 
sphere, ot of a basket-like lattice, while in other genera it resembles ike 
open iron framework of a lantern, a brazier, a crinoid, or stone-lily, an 
octopus, or even a sea-anemone. One tropic form of Brazil has been 
called Pilzblumen by the Germans. The species are not common in 
temperate regions, but in the tropics they are richer in forms and luoic 
abundant; for example, in Florida the species of Clatkrus are common, 
the writer finding four specimens within a quarter of a mile along a road 
across the sand dunes at Ormond. 

Development of the Carrion Fungi. — Several authors have studied 
the development of several forms of the Phallomycetes, notably 
Burt and Atkinson. Burt^ has contributed three papers dealing 
the genera Antkurus, Clatkrus and Mutinus, while Atkinson’s stud^' 
are concerned with likyphdlus and Dictyophora. 

Burt finds in the Clathrace^ that the egg consists of cortical and 
medullary systems continued upward from the mycelial strand in tbe 
earliest stage. The cortical layer gives rise to the outer layer of tbe 
volva, the cortical plates and the pseudoparenchyma of the receptacii- 
lum. The medullary portion gives rise to the gelatinous masses of (lit 
gelatinous layer of the volva, to the gleba, and to the gelatinous tissue 
of the chambers of the receptaculum. The elongation of the receptacle 
in Clatkrus columnaius (Fig. 98) begins at the base and after its elonga- 
tion the gleba hangs suspended from the arch of the receptaculum by 
medullary tissue constituting the chamber masses of the receptacle. 

In the earliest recognizable stage of Mutinus caninus, the egg con- 
sists of the cortical and medullary tissues of the mycelial strand, 

^Bunr, Edward A.; A North American Anthurus; Its Structure and Develop- 
ment. Memoirs Boston Soc. of Nat. Hist., 3; 487 (1894); The Devclopmerit of 
Mutinus caninus. Annals of Botany, 10; 343 (1896); The Phalloidea of the 
States. Development of the Receptacle of Clalhrus columnaius. 

AitiNSON, George F.: The Origin and Taxonomic Value of the Veil in Di# 
ophora and Ithyphallus. Botanical Gazette, 50; 1-20, January, 1911. 
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continued directly upward from the strand. Of these tissues, the 
niccluUary bundle spreads out at its upper end and forms a dense 
shealdike head by repeated branching and anastomosing, the 
cortical layer of tissue becomes the outer wall of the volvti; the sheaf- 
like head gradually differentiates into all the other parts of the older 
egg. In such differentiation the central 
column first appears. The formation of 
ihe gelatinous layer of the volva now begins 
in the periphery of the head. A dense 
dome-shaped mass arises. Along the inner 
surface of the dense zone and next to the in- 
termediate tissue, the rudiment of the gleba 
arises from the clustered swollen ends of 
lateral branches of the tramal tissue. These 
hyphal ends take position in a palisade 
layer facing the intermediate tissues and by 
the crowding in of new hyphal ends (basidia) 
the surface of this layer becomes greatly 
enlarged and thrown into folds and torn 
from the intermediate tissue. The rudiment 
of the stipe arises in the intermediate tissue 
lying next to the central column by the forma- 
tion of deeply staining tissue rich in proto- 
plasm. Somewhat later, masses of tissue in 
the dense and intricately interwoven rudi- 
ment of the stipe show a tendency toward 
gclatinization. These masses mark the 
j)osilion of the later chamber-cavities in the 
wall Toward the upper end of the stipe, 
such masses are in contact with the central 
column, and they mark the position of the 
ihts which open into the main central cavity 
of the stipe in mature stages of M, caninus. 

The chamber walls are thrown into folds through a more raipid growth 
of the pseudoparenchyma than that of other parts of the egg. Final 
elongation of the stipe and elevation of the gleba is brought about 
through the straightening out of the folds in the chamber walls. 

The studies of Atkinson deal with the origin of the veil of Dictyo- 



Fig. 99. — Mature stinTc- 
hora, Didyophara duplicata. 
(Photo hy W. H. VFalmsIey.) 
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phora (Figs. 99 and ioq), and Uhy phallus. From such studies, he 
confirms the making of_two genera out of them. His plates show ' 



Fig. ioo. — Dictyopkora pkalloidea. Fully developed fruit-body with veil 2/3 naUiral 
size. (After Alf MoUer in Die naturlichen pfimzenfamiUen I. lA**, p. 294.) 

that three common forms were examined, viz., I Ihy phallus impudicus, 
Dictyopkora dupUcata and the Phallus Ravendlii. 

Two families are distinguished: CLATHFACEiE and pHALLArE.^ 
which may be distinguished as follows: 



Fi«J. loi , — A, B, Dklyophora pkalloidea. A , Longitudinal section of a fruit-body 
f'lUy stretched beyond volva (natural sis»); B, longitudinal section of a young fruit- 
body (twice enlarged); G, vulva mucilage; a, gleba; H, cap; I, indusium; Sw, stipe; 
^2. primordial layer between cap and indusium; Pi, primordial layer between in- 
dusium and stipe; S, S, tissue of stem; B, tissue of base of fruit-body. {After Ed. 
Fhchfr in Die natUrlichen Pjlanzenfamilien I, lA**, p. 295.) 


The first family, according to “Die natiirlichen Tflanzenfamiiien,” 
comprises eleven genera of which Clathrus (Fig. 98}, Smblurn^ An- 
thum are North American. Three species of Clathrus have been col- 
lected in this country. Sintblum rubescens was collected originally on 
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Long Island and later in Nebraska, while Anthiirns borealis has beej 
found in New York, Massachusetts and Pennsylvania. 

The family Phallace^ is represented in the eastern United States 
by three important and interesting genera, viz., Muiinus, Ithyphall^ 
Dictyophora (Figs. 99, 100, loi). Mutlnus is the simplest form witli 
the gleba borne on the upper portion of the stipe without the hanging 
cap. Muiinus caninus has a hollow, perforate stipe reddish in color 
bearing the greenish bad-smelling spore slime over its upper end. 
Ithyphallus impuilicus, our commonest species, has a globose volva, 
cylindric, hollow spongy stalk bearing a campanulate pileus, the spore- 
bearing surface being reticulate pitted. Dictyophora duplicata, which 
resembles the Brazilian Pilzblumen, Z>. phalloidea in (Figs. 100, 101} 
the possession of a long white indusium, which hangs down beneath the 
cap like a spread-out hoopskirt. The terminal cap is campanulate 
and after the removal of the malodorous greenish spore slime appears 
reticulate-pitted. The volva is prominent. 
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CHAPTER XXn 

FUNGI IMPERrECTI (DEUTEROMYCETES) 

The life histories of the fungi belonging to this group are imperfectly 
known, and hence, it happens that when it has been established, the 
type is removed from the fungi imperfecti and properly classified with 
some other group. The name Deuteromycetes, also applied to the 
imperfect fungi, is derived from the Greek, Seurepos = second. Many 
important parasites are included here, and hence, it has been considered 
important by mycologists to give the characters by which the fungi 
imperfecti are distinguished. 

General Characters . — The mycelium consists of septate, hyaline, or 
pigmented hyphse, or only of chain of yeast-like cells. The hyph$ are 
diffuse, or plectenchymatous {Tr\iKT6s = woven). Stromata are fre- 
quently .present. The fructification is a single conidiophore, a layer 
of conidiophores, or a conidial fructification (pycnidium). The 
Fungi Imperfecti represent the accessory fruit forms of the ASCOMY- 
CETALES, rarely those of other orders. The mycelium is practically 
the same as found in the sac fungi. The septate hyphse spread ovei 
the substratum, or penetrate its interior, and the fungi live sapro- 
phytically, or parasitically. The arrangement of the hyphse in various 
ways has suggested the segregation of species and genera. The under 
layer (subiculum = felted stratum of hyphs) is of loose, entangled 
threads, or disc-like bodies, or radially stretching fibrils, aggregated 
loosely. The stroma on the contrary represents compact tissue, cor- 
responding to similarly named structures in the ASCOMYCETAIES. 
The fruit layer originates izi or on the stroma. 

Reproduction is dependent on exogenously produced spores, known 
as conidio.spores. In the simplest cases, the mycelium gives rise at 
indefinite places to outgrowths, which are separated as spores. There 
arise from the mycelium, erect conidiophores which form conidiospores 
in the different species. With an unbranched conidiophore, the conidio* 
spores arise at its apex followed by a second, a third, etc. When the 
end of the conidiophore is globular, the spores arise on the ends oi 
sterigma. By the branching of the conidiophores originate conidiaJ 
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strands, which suggest the inflorescences of flowering plants. One can 
separate these into monopodial, or sympodial forms. A bundle of conl- 
diophores is known as a coremium (k6pt//xck = broom). If the conidio. 
phores are arranged side by side, they form a conidial layer, which 
arises on the upper surface of a stroma. Such a conidial layer may be 
folded, or it may be chambered, the irregular chambered spaces being 
lined with the conidial layer. Finally, the conidial layer may be in. 
closed in receptacles called pycnidium, which correspond to those o( 
the PYRENOMYCETiiNEiE. The conidiospores are of different sizes 
hence one can distinguish them as a micropycnidia and as tnacro- 
pycnidia, and the spores as micro- and macropycnospores. Stylospores 
are those spores borne on a filament (o-tuXos = a column). This term 
is also superfluous. The number of fungi imperfecti surpasses the 
ASCOMYCETALES. 

Systematic Position . — Fuckel includes all those fungous forms 
as fungi imperfecti which have no final fruit forms, such as asci 
and basidia. The name Deuteromycetes of Saccardo is less fortunate 
than that of Fuckel. That many fungi imperfecti represent accessory 
fruit forms of ASCOMYCETALES is known, so that the group is nol 
a permanent systematic entity. It is a motley assemblage of hetero- 
geneous forms. As with the large group, so it is with the genera. 
Some of the genera inclose not always related forms, that is of the same 
phylogenetic scries. Schroeter calls such genera Formgattungen (= 
form genera). In the following classification of them, this point of 
view must be kept prominently in view, for a natural classification oi 
Fungi Imperfecti is in the nature of things an impossibility. The great- 
est number are saprophytes, useful in the destruction of dead plant 
parts. Many are parasites and produce dangerous diseases in culti- 
vated plants. 

A. Conidia in pycnidia, or chamber-like hollows. I. SPHiEROPSI- 

DALES. 

B. Conidia in conidial layer formed ultimately wholly free. 11 
MELANCONIALES. 

C. Conidia on conidiophores. Single or in coremia. III. HYPHO- 

MYCETALES. 

I. SPHiEROPSIDALES. — The conidia are formed in pycnitih- 
The receptacles are closed or open by a pore, or by a sUt suggesting 
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gryLi[)S of ASCOMYCETALES. Four families are included in this 
order, and these families include a considerable number of important 
genera of fungi, which specifically are the cause of important plant 
diseases. PhyllosHcta is a genus, the species of which are confined to 
leaves, and they produce characteristic leaf spots on a great variety, of 
plants. The specific name of the fungus is usually derived from that 
of the host plant attacked, as for example, Pkyllosticta catalpa, which 



Fig. 103. — Six Ben Davis apples showing apple blotch (Pkylloslica solilaria). 
{AfUr ScoU. W. M., and Rarer, J. B., Bull. 144. U. S. Bureau of Plant Industry, 
March 6, 1909.) 


grows on the leaves of the catalpa. The group has been monographed 
systematically by J. B. Ellis. The spores are small, egg-shaped or 
elongated, unscptate and in color pale green, or hyaline, produced in 
pycnidia. The most important species of this genus «-re PhyllosHcta 
mpdopsidis on the Virginia creeper {Ampelopsis); calalpos on catalpa 
leaves; labruscm oil the leaves of the grape; pavicB on horse chest- 
lut leaves (Fig. 102}; PhyllosHcta solitaria E. and E. (Figs. 103 and 
104) is the cause of apple blotch, and violiB on violets. The conidio- 
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spores in Phoma are colorless and unicellular. The pycnidia are 
black with a terminal pore and depressed in the tissues of the host 
The genus is arbitrarily limited to those species in which the spor^ 
are less than for the larger spored forms have been placed iti the 
genus Macro phoma. The most important species from the pathologic 
viewpoint are out of the 1100 species recognized the following: 
beioe is the cause of the heart rot and blight of beets. Phoma batata 
produces a dry rot of sweet potato; while Phoma solani behaves muci 



Fig. 104. — Microscopic characters of apple blotch fungus (Phyllostida solitam). 
I, vertical section of pycnidium showing pycnospores; 2, 3, 4. 5, mature pycnosporcs; 
d, 7, 8. germinating spores; 9, mycelium. (After Scott, W M.. and Rarer, J. B., Bvll 
144, U. i". Bureau, of Plant Industry, -pi. Hi, March 16, 1909.) 

like the damping-off fungus, attacking seedling egg plants near the sur 
face of the ground. The most destructive fungus of the genus Sphmf 
sis is S. motor um which causes the decay of apples, quinces and peari 
and attacks the stem of the apple tree producing characteristic cankers 
The genus includes about i8o species. The 150 species of the genu 
Coniotkyrium are, widely spread geographically. The blight of rasp 
berry canes is due to Coniotkyrium Fuckelii, which has only recentl 
come into prominence in the United States. The genus Scphrk if 
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Pig. 106,— Section through leaf spot of celery blight {Septoria) showing hyph©) 
leaf tissue and pycnidiutn with exuding pycnospores. {After Coons, G. H., and 
i-oitt, Ezra, Spec. Bull. 77, Mich. Agric. Coll. Ex per. Slai., March, 1916.) 
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eludes the fangi which cause the leaf spot of the pear, Septoria pyrkok 
the late blight of the celery S. petroselini (Figs. 105 and 106), the leaf 
blight of the tomato S. lycopersici and the leaf spot of currants, S, 
The pycnidia in this genus develop under the epidermis of the host 
producing leaf spots. The center of the leaf spot is occupied by thepore 
of the spheric, black pycnidium. Leptothyrium pomi is an imperfeej 
fungus responsible for the sooty blotch of the apple and other 
plants. According to Floyd the same fungus causes the fly speck of 
apples. The genus Entomosporium is a small one with closed half, 
spheric, black pycnidia. The spores suggest an insect in being four, 
celled, the cells being arranged cross-like with attenuated extremities 
and swollen bases, Entomosporium maculatum is the cause of the leaf 
blight of the pear and quince. 

II. MELANCONIALES.— The mycelium is formed in the interior 
of the host plants. The fruit is in the form of a conidial hymenima, 
which is produced below the epidermis of the host, breaking througli 
clefts in the surface of the host as bright or black spots. The conidio- 
phores stand closely together and are simple, or rarely branched, hya- 
line, or rarely dark-colored. Pycnidia are unknown in this group of 
imperfect fungi. The spores are of different shapes, single or in chaiiti, 
The order includes both parasites and saprophytes. The pustule, 01 
acervulus, which produces spores in Gleospofium may be extensive 
The short conidiophore arise from or are inclosed within a cushion, 
or stroma, of fungous tissue. The rupture of the epidermis of the host 
is accomplished by the opening of the stroma. The ovoidal, fusiform, 
slightly curved hyaline spores are discharged with the opening of the 
stroma. Some species of Glmsporium are connected with other genera, 
viz., Glomerella (rufomaculans), Gnomonia and Pseudopeziza im- 
perfect stages of which were placed as species under the form genus 
Glmsporium, which is the important form pathologically speaking- 
As examples of the form genus Glmsporium, we have G. ampelophp^ 
which causes the anthracnose of the grape; G. venetum which is re- 
sponsible for the anthracnose of blackberry and raspberry, while other 
species attack the linden, walnut, pine and Norway maple. 

In CoUeiotrichum (Fig. 107) the conidial cushions have a bristlj 
border, while the conidiospores are in chains. CoUetotrichum Lindetnulk- 
ianum causes anthracnose of bean, an important disease in gardens and 
fields (Fig. 107). The cotton is attacked by C. gossypii, citrus fruits fjy 
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107. — ^Anthracnose cankers on bean pods {CoUetoirichum Lindemuihianum) . 
{After Wheizel, H. H., Bull. 355, CorneU Agric. Expcr. Stal.) 
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C. glcsosparioides, clovers and alfalfa by C. trifolU and the snapdragon 
by C. antirrhini. Usually the diseases on these plants induced by spedjj 
of Colletotrichum are known as anthracnose (Fig. 107). Coryneum Bej. 
jerinckii is a destrucUve fungus causing the peach blight. Pestalozzi^ 
Guepini var. vaccinii is a fungus often found upon the cranberry leaves 
and fruits. The conidiospores are three-celled, the terminal cells wit! 
filiform appendages. The shol-hole disease of plum and cherry is due to 
Cylindrosporium padi. The formation of the acervuli is followed by the 
falling out of the disease areas of the leaf resulting in the formation 

of the characteristic shot-hole. 
The fruit spot of apples is caused 
by C. pomii. 

III. HYPHOMYCETALES. 
— The hyphae are septate, 
branched in or on the substra- 
tum. They are dark, or hyaline, 
separate, or bound into coremia, 
or layer-like cushions. The con- 
idiospores may exist as oidio- 
spores through the separation of 
the hyphae. The conidiophores 
are simple, or branched. The 
conidiospores of different shapes 
and colors are borne in a variety 
Pig., 108.— Sweet-potato stem rot y^ays on the conidiophores or 
(Fusarium baialaiis). Sectiorj through i - -u ' i mi. 
sweet potato showing blackened ring just their branches. The genera may 
below surface caused by the stem-rot fun- arranged in three series, 
gus, {After Harter, L. L., U.S. Farmers' i- i 

Bull. 714, March ii. 1916.) A. Mycehum and spoies light- 

colored: Oospora, Monilia, 
Oidium^ Sporotrichumy Botrytis, Cephalotkecium, Ramularia, Cercos- 
pordla, Piricularia. B . Mycelium dark-colored at least with age ; spores 
generally dark: Fusicladium, Polythrinciuniy Scohtotrichum, Clodo- 
sporium, Helminihosporium, Macrosporium, Alternaria, Cercospora, 
C. Conidiophores in the form of a tuberculate mass, or sporodochiuin; 
Volutdla, Fusarium. As examples of common disease producing forms 
of the above genera without enumerating all of the more important 
species may be mentioned the potato scab fungus, Actinomyces chro^ 
mogenes, the early blight of potato fungus, Macrosporiums olani; the 
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uBgus wluch causes leaf spot of beets, Cercospora betkola. The form 
eDUS Fusarium (Fig. 109), established by Link in 1809, is one which 
as come into prominence recently as associated with the production 
,{ serious plant diseases. At least eleven species are found on the 
weel potato (Fig- 108), and these have been investigated by H. W. 
Vollenweber^ and other mycologists. He finds that the genus has a 
.umber of vegetative and spore stages the variability of which has 
aused confusion, as transfers of mycelium produce a growth quite 
ifferent in general appearance from that derived from spores from the 



Fig. 109. — Spores of two stem-rot organisms. A, Fusarium batatalis and B. 
kyperoxysporum, X500. {After Harter, L. L., U. S. Farmers’ Bull. 714, March 1 1, 
1916.) 

>ame medium under conditions otherwise identic. liVollenweber and 
tppeP have published a monograph of Fusarium and later Wollen- 
A’eher has studied the Fusarium problem and similar studies should 
36 made of each one of the form genera of the Fungi Imperfecti. 
The genus Fusarium is divisible into sections not only by physiologic 
haracters (pathogerucity) but also by morphologic characters- (coni- 
liospores, chlamydospores). The section, Elegans, comprises the 
■ascular parasitic Fusaria, which are serious enemies of plants, causing 
nVoLt.EN WEBER, H. W,: Identification of Species of Fusarium occurring on 
lie Sweet Potato, Ipomaa halatis. Journal of Agricultural Research, II: 251-286 
lily 15, 1914. 

^-Vppel, Otto, and Wollenwebek, H. W.: Grundlage einer Monograph 
ler Oatiung Fusarium Link Arb. Biol. Anst. f. Land. u. Forst., Bd. 8, Heft. 1, 
'P- 1 ■::o7; Phytopathology III; 24-50. 
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Fig. 1 10. — Violet leaf spot (Fusarium vtoite). r, Germination of micnX'oai(| 
spores; 2, formation of microconidiospores in hanging drop cultures; 3, germinati 
of macroconidia; 4, various forms of macroconidia. (After Mycologia, 2: 
xviii, January, 1910). 
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specially wilt diseases. Fusarium oxysporum and T. trickorthecoides 
produce both tuber rot and wilt of the potato plant. Fusarium 
iok causes violet leaf spot (Fig. no). Fusarium batatatis is respon- 
ible for sweet potato stem rot {Figs. loS and 109). 

The sterile fungus Rhizodonia, represented in America by two para- 
itic species Rhizodonia solaniy which is found on at least 165 different 
losts, and K. crocorum with a limited distribution on alfalfa and potato 
libers has through the discoveries of Rolfs and Burt been connected 
dth a basidiomycetous fungus, Corticium mgum var. solani,^ 

I Peltier, George L.: Parasitic Rhizoctonias in America, Bull, 189, Agri. 
isper. Stat, University of Illinois, June, 1916, 




PART II 

GENERAL PLANT PATHOLOGY 

CHAPTER XXIII 

GENERAL CONSIDERATION OF PLANT DISEASES 

The student who would become acquainted with the general 
lathology of plants must have some previous knowledge of other sub- 
ects, especially those which are concerned with the life of the plant, 
"o appreciate diseased conditions the normal state of the plant must 
le understood, A study of phytopathology, which as a department of 
.cientific inquiry concerns itself with plant (hseases, therefore, presup- 
)oses that the would-be phytopathologist is acquainted with plant 
norphology, systematic botany (fungi and flowering plants) histology, 
ytology, embryology, genetics, physiology, with bacteriology, zoology 
especially entomology) chemistry and physics,^ as well as meteorology. 
Plant morphology deals with the general form and gross structure of 
)lant parts, such as roots, steins, leaves, flowers, fruits and seeds. The 
itudcnt should know the common fungi (see part I), the technique of 
heir study (see part IV), as well as the flowering plants, which act as 
Hosts to the bacteria and fungi causing disease. Histology is concerned 
with the microscopic details of plants, while cytology treats of cell 
structure and organization. Embryology, as a distinct subject of in- 
quiry, embraces a study of their productive cells and organs. Genetics 
b a new branch of inquiry. As Walter tersely put it, “ The study of the 
origin of the individual, which has grown out of the more 'general 
consideration of the origin of species, forms the subject matter of 
heredity, or, to use the more definitive word of Bateson, of genetics.” 
pc functions of a plant are considered when we study physiology and 

I he chief divisions of that subject treat of the nutrition, growth and 
'Along these lines see suggestive papers by Ernest Shaw Reynolds: Plant 
'athology in its Relations to other Sciences. Science, new ser., xxvii: 937-940; 
19, 1908. 
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irritability of the living plant organisms. A knowledge of insect Hfe 
is essential, as also the chemistry of the plant, of the soils, of the 
lizers, of the insecticides and fungicides. The physics of sap asceut 
of osmosis, of turgesccnce, and of the soil must be studied.^ 

The investigation of malformed organs and cells may be classified 
under the head of Pathologic Morphology, and if the microscope is 
used, it may include Pathologic Histology and Pathologic Cytology. 
Disturbed conditions of the reproductive cells and organs bring abom 
anomalies in the offspring, so that genetically speaking freaks, bizarre 
forms, or chimeras arise. Diseased conditions may be traceable to 
disturbed nutrition, to excessive or retarded growth and to abnormal 
irritability. Therefore to be a successful pathologist, one must be a 
good morphologist, histologist, geneticist and physiologist. 

phytopathology is that phase of botanic inquiry which treats of tlie 
diseases of plants. Its history dates from about 1850. Disease may be 
looked upon as an unwholesome condition, derangement of, perversion 
of, or departure from the normal in structure, in function, or in both com- 
bined. It is a morbid state. One who studies phytopathology is con- 
cerned with the characteristic symptoms of disease (Symptomatology), 
the interpretation 6 i symptoms (Diagnosis), with the causes of diseases 
(Etiology) and with the remedies (Therapeutics) and prevention of dis- 
ease (Prophylaxis). Recently considerable attention has been given, 
prophylaxis, following out the old adage that an ounce of prevention is 
worth a pound of cure. Curative agents are therapeutic agents. 

ETIOLOGY. — At the outset it is important to consider the causes d 
disease. These may be considered under two heads, predisposing and 
determining. 

Predisposing Causes of Disease.— The normal plant can to a cer- 
tain extent ward off the attack of disease, but the power to do so varies 
within wide limits, which may be conditioned upon racial, or individual 
characteristics of resistance. The degree of this resistance determines 
the degree of the immunity of the plant organism. It is well known 
that the normal constitution of plants varies considerably in individ- 
uals of the same variety and among different races and varieties of the 
same species. Some individuals and varieties are constitutionally weak, 
others arc strong and resistant to external inffuences of every descrip- 

^Appei, 0 .: The Relations between Scientific Botany and Phytopathology- 
Annals Mo. Bot. Gard., 2; 273-285, February, April, 1915. 
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tion. Such pb^ijfes are as cast-iroU; or hardy, wWIc the 

Dthers are tender ajpd need constant care and attention on the part of 
the cuUivatdt. weakness of constitution, of histologic structure, 
3 r absence of protecting chemical bodies in the cells of the plant may be 
looked upon, other things being equal, as predisposing causes of diseases. 
Such depend on the hereditary character of the plant, and in case of 
varieties susceptible to disease may be designated hereditary predis- 
position. Immunity, on the other handj'^may be hereditary, as in the 
case of the plants of strong constitution, or acquired. Resistance on the 
part of certain plants may be due to the hereditary resistance of the pro- 
toplasm, it may be due to histolo^c structure, such as .the presence of a 
thick cuticle in the resistant form and its absence in the susceptible form, 
[or Sorauer has found that the resistance of different carnations was due 
to the thickness of the cuticle. The habit of earliness, or lateness, may 
be the determining factor in resistance. A late variety might be at- 
tacked, because of its growth in relation to the life history of some insect, 
or fungous parasite, while for this reason an early variety might remain 
healthy. Morphologic peculiarities may be effective, for the investiga- 
tions of Hecke and Brefeld have shown that in the varieties of wheat with 
dosed flowers, and which are dose pollinated, therefore, the spores of 
the loose smut fungus carried by the wind are unable to reach the stig- 
mas, and hence, infection does not take place. Such varieties would be 
smut proof for the simple morphologic reason that their stigmas are not 
exposed to the smut spores. Osterwalder has indicated that varieties 
of pears without an open channel from the calyx to the carpels are pro- 
tected against infection by Fusarium putrefacienSf while those varieties 
with an open channel from calyx to the carpels are susceptible. The 
habit of a plant, as to drying after a rain, may influence its disease 
resistance, as fi^own by Appel ^ Infection of potatoes by the spores of 
late bligbt,i%i^A//f(7fam/es^aw5, is due to the wind carrying the spores 
to healthy p®nts where in the raindrops on the surface of the leaves 
zoospores ar^rmed. 

The leaves of some varieties dry within half an hour after a rain, 
while on others the leaves do not dry for several hours. Quick-drying 
varieties are less susceptible than the slow-drying ones. In sonie mem- 
bers of the pea family, the seeds are imbedded in a woolly outgrowth of 

'Appel, 0 .; Disease Riraistance in Plants. Science, New ^r., xli: 773-782, 
2 ?!, 1015. 
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the inner epidermis of the pod. It has been found that infection of th 
seeds with Ascochyta piii is facilitated by the presence of the hairs, fjj 
the fungus grows, as in a culture medium, and infects every seed, 
in the hairless forms infection takes place only -where the seed actually 
touches the infected spot of the pod. 

The presence of certain chemic substances may explain immunity, fiy 
the disease resistance of Vaccinium vitisid(ea \s supposed to be due toti^ 
presence of benzoic acid. So, too, the presence of tannins may increase 
the power of resistance to fungus and insect diseases, as Indicated by 
Cook and Taubenhaus.^ Enzymes also play an important r6!e in the 
production of chemic substances, which increase disease resistance. 
Such hereditary disease resistance may be made to play an important 
part by breeding and growing the varieties which have been proved to 
be disease resistant. 

Immunity may be acquired by growing the susceptible form at a 
different season of the year from its accustomed one. Grafting baa 
been used with success. The method is to graft a non-resistant variety 
on a resistant one, as in the case of the European vine on the American 
vine, which resists the attack of the Phylloxera insect, which devastated 
the European vineyards until this method was adopted. Crossing bas 
been resorted to as a second means of increasing disease resistance. Tk 
weak variety is crossed with a disease resistant form to increase ib 
immunity. The third way to obtain immune forms is to select resistant 
individuals and from them breed pure strains. This has been accom- 
plished with some degree of success by Orton with cotton, by Bolley 
with flax, by L. R. Jones with cabbage. It should be emphasized that 
the inheritance of the unit characters and their behavior in the neil 
generation is one of the fundamentals of breeding resistant races, 

Determining Causes , — Having considered the general reasons for thf 
predisposition of plants to diseases and the immunity of others, it b 
important to describe next the causes which determine disease. Thesf 
may be divided into those of external origin and those of internal. Th< 
external factors of disease are the chemical conditions of the soil, as £ 
determining cause, also the physical character of the soil. The influ 
ence of a superabundance of water, or its absence, is important. Cli 

^ Coox, Mel T. and Taubenhaus, J. J. : The Relation of Parasitic Fungi to th 
Contents of the Cells of the Host Plants, i. The Toxicity of Tannin, Bull. 9^ 
Delaware College Agric. Exper. Stat,, Feb. r, 1911. 
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pfttic and. meteoiologie conditions may be influential, when these dis- 
yrb the normal life of the plant. Light, heat, cold, rain, dew, ha®, 
j-ost, wind andiighthing play an important idle. The gaseous emana- 
ions irom gas pipes, sfeielter works, smokestacks, including -soot, dust 
rom cement works, adds, poisons, and dye stuffs, which pollute streams, 
.11 are determining causes of disease. Traumatism or mechanic injury 
oay be of various sorts and the effects are dependent upon the form and 
evcril V of the injury, or wound. 



I Fig, hi, — Rose-cliafer (Macrodaciylis subspinesus) . a, Adult or beetle; ba 
larva; c, d, mouth parts of same; «r^upa, f, injury to leaves and blossoms of 
grape with beetles at work. {From Mfirlali in Quointanct, A. L; and Shear, C. L., 
V. S. Farmers' ipO-V.) 


Living organisms, whether animal or vegetal, may be the cause of 
disease. All groups of animals may be considered, but the mammals, 
worms and insects (Fig. in) are of most importance and interest. 
Insect depredations of plants are notorious and insects occupy first 
place in their destructive effects on plants (Fig. 112). Various para- 
sitic flowering plants are known, as well, as the bacteria and fungi, 
ior their disease-producing powers. 
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As an internal determinbg cause, tte formation of enzymes 
abnormal conditions must be reckoned as causal, as well, as nutriti\'e 
disturbances which produce monstrosities and the like. 

Having classified the chief causes of disease, a more detailed descrip. 
tion of these factors should be put in a form available for student use. 
Much of the information is scattered, and part of it is buried in foreigi 
botanic and pathologic journals, which can be consulted only in the 
largest sciei;tific libraries at home and abroad. 



Pig. 1 12. — Oyster-shell scale [Lepidosaphes ulmi. After Quaintance, A.L., P 
Farmers' BulL Apr. 26, igi6. 

The chemic, condition of the soil, As a determining cause of disease, 
may be considered from the standpoint of the normal influence of the 
important soil ingredients, as contrasted with the absence or defidenc} 
of such elements. Potassium is usually found in young tissues and dis- 
appears in the older ones. It is, associated in some way with the for- 
mation of carbohydrates in the plant such as starch, sugar and cellulose. 
The absence of potassium in the soil causes a cessation of growth, the 
leaves fail to develop the power of forming starch within the :greeD 
coloring bodies, or chloroplasts, A plant which has failed to grow for 
months will recover in a few days after potassium salts have been added 
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and after a few hours the formation of starch in the chloroplasts will 
he detected.* The storage of reserve materials is, therefore, inhibited, 
and one finds in such plants, as the cereals, that the formation of green 
part.^ is at the expense of the grain, and in the beet, the vegetative part of 
the plant is at the expense of the fleshy roots. Potassium hunger causes 
in the potato and buckwheat a shortening of the interuodes and a 
convex bending of the leaf blades, which are spotted with yellow blotches. 
Calcium is abundant in nature in the form of the carbonate which 
forms the rocks known as marble and limestone. It is chiefly concerned 
in the strengthening of the cell wall, where in such plants as Chara it is 
deposited. It plays an important idle in fixing the* calcium oxalate 
formed in the metabolism of the plant. Ecologists in Europe classify 
man)^ plants either as calciphile (calcium-requiring), or calciphobe 
(calcium-hating). The application of calcium to soils under certain 
conditions promotes apparently the disease of beets called heart- or 
dry rot. The chlorosis, or icterus, of the grape vine seems to be in- 
creased in soils with a high calcium content. The accumulation of 
oxalic acid in the S,bsence of its fixation J?y calcium poisons the plant. 
The formation of brown blotches on leaves, the yellowing, or brown- 
ing of pine needles, the death of the root tips of water plants is associated 
with the absence of calcium. 

Magnesium is chemically allied to calcium, but it cannot replace 
calcium in the economy of the plant. It apparently works together 
with nitrogen in the formation of protoplasm, and has an influence in 
the formation of chlorophyll, for plants grown without magnesium have 
yellowish-green chioropasfs, and new cell formation does not proceed . 
readily. The absence of magnesium is shown in the pale-green color 
of the chloroplasts, the yellow to orange-yellow blotches on the leaves, 
and the brown spots on the stems. The amount of starch formed by 
the chloroplasts is reduced, the inter nodes are shortened, the young 
leaves do not unfold. These are symptoms associated with a 
deprivation of magnesium. 

Iron is necessary in the formation of chlorophyll, for if the plant is 
grown in an iron-free solution, it remains permanently etiolated 
(blanched). The diseased condition which arises throOgh the lack of 
the requisite amount of iron is called chlorosis. Too much iron in the 
soil acts poisonously. 

^Hartwell, B, L.: Bull. 165, R. L Agric. Exper. Stat., May, 1916. 
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Sulphur and phosphorus are of some value in the production of 
albuminous substances by the plant; and in the soil they exist mainly 
as calcium sulphate and calcium phosphate. Phosphorus is in some 
way associated with the formation of the crystalloids^ globoids and 
aleurone grains- of the plant. Some soils are poor in phosphorus, so 
that the agriculturist must supply phosphates. The deficiency of 
phosphorus is seen in the production of a red coloration in plants. The 
leaves are blotched with red and later the spots become dark brown. 
The formation of flowers and seeds is partially inhibited. The absence 
of sulphur is manifest in the poor development of the whole plant and 
in the reduction in the amount of fruit produced. 

Nitrogen enters largely into the living substance of the plant, 
protoplasm. It is stored in the form of protein granules and aleurone 
grains. In the life of the plant, it is concerned in- the building of young 
tissues, and in the metabolism of plants, it appears in the form of aspar- 
agin which in the soluble state is conducted through the bast portions 
of the vascular bundles from one part of the plant to another part. 
Some plants have a peculiar relationship to nitrogen. Such are the 
leguminous plants, which are provided with root nodules, where there 
are nests of bacteria. These bacteria can utilize free atmospheric nitro- 
gen and later in the involution form as bacteroids, they are absorbed 
by the green plant which is thus enriched with nitrogen. During the 
period of entrance of bacteria into the root hairs, the young seed- 
ling goes through a period of nitrogen starvation, when it appears 
to flag, but later, it regains its active growth and vitality when the 
nodules have been formed. Contrasted with the same leguminous 
species without nodules and when the root systems alone take up 
nitrogen in the form of nitrates, the nodulated plant is larger aad 
stronger in every respect. 

A deficiency of nitrogen in the soil can be detected in the case of 
Indian corn and other agricultural plants by a general paling of the 
green color, so that in some cases the plant becomes yellowish-green. 
Klebahn^ indicates that the leaves of beets, buckwheat and potatoes 
assume a yellowish color with a deficiency of nitrogen, and as the leaves 
dry, they become yellowish-brown. The prothallia of ferns in a nitrogen- 
free nutritive solution do not form meristem or archegonia. Excessive 
supplies of nitrates in their application to cultivated fields stimu- 

J Klebahn, Pbof, D. H, : Grundziige der Allgemeinen Phytopjathologie, 1912; 
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lates in the case of the crops grown upon such fields the development 
of the vegetative organs and, therefore, delays' the formation of flowers 
and fruit and the ripening of seeds. Such delay may mean the attack 
of parasitic fungi. For example, a large field of winter wheat which 
had been sown about the end of October was much attacked by stink- 
ing smnt (60 per cent.), while the adjacent fields belonging to the same 
farmer, under the same variety of wheat and treated in a similar 
manner, but sown early in October showed no sign of infection. With 
fruit trees, one notices greater frost susceptibility in those plants which 
have received an excessive nitrogen supply. Lipman (Science, new 
ser. xxxix: 728-730, May 15, 1914) has suggested that the poor nitri- 
fying power of soils is a possible cause of “die-back” (exanthema) in 
lemons. It has been a serious disease with the citrus growers of 
Florida and California. 

Physical Character of the Soil . — The physical character of the soil 
iis of great importance as a determining cause of disease. When we 
'speak of the physical character of the soil, we refer to the size of its 
particles, the relation of these particles to each other, the presence 
of colloidal bodies, the presence of air spaces associated with the air 
content, the distribution of the water .through the soil, the presence or 
absence of organic matter, or humus, the color and temperature of the 
soil Of greatest importance to the life of the plant is the water* 
which is available for the needs of the plant. ^ A too plentiful sup- 
ply of water causes the formation of a wet ball of roots with the 
formation of alcohol. Frequently gardeners fearing that the soil is 
dry, water potted plants with more water than the plants actually 
need, so that the lower part of the soil is continuously saturated with 
water. Alcohol is formed and decay of the roots sets in, because they 
are gradually suffocated. Too little water on the other hand causes 
a drooping or wilting of the plant, and if water is not supplied in 
lime permanent wilting and death of the foliage results. But a 
diminished water supply may be decidedly beneficial to plants, as it 
las been found that the formation of flower buds is best initiated by 
preserving a period of rest following a diminished water supply. 
Different plants have different water requirements and these require- 
ments vary with the season of the year and the development of 

^ Cf. SoBAuES, Paul, Lindau, G. and Reh, L., transl. by Dorrance, Frances: 
Manual of Plant Diseases, vol. i, parts r and 2. 
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the plant. As an illustration of this may be cited the planting of the 
Carolina poplar on the open porous sandy soils of New Jersey. About 
Philadelphia, where the tree is largely planted, it grows rapidly with 
a dense crown of dark-green, foliage leaves. In New Jersey, it grows 
less rapidly, its crown is more open by a wider spacing of the branches 
and the leaves have a greenish-yellow appearance and drop off earlier 
in the autumn. than similar trees on the Pennsylvania side of the Dela. 
ware River. This difference is without doubt associated with the water 
requirements of the tree, for on the Pennsylvania soils, it can secure 
abundance of water during the growing season, while in the New Jersey 
sands, owing to their porosity and the rapid drainage of water through 
them, the Carolina poplar does not receive sufiftcient amounts of water 
for its most vigorous growth. 

The experiments of Munch^ throw important light on the content 
of water and air in the tissues as a determining factor of disease of 
woody plants, such as on forest and fruit trees. He has shown that the 
greater number of the wood-destroying fungi require a large amount of 
air and are able to grow only when a maximum amount is present. The 
air content of the tissues is dependent on the water supply and trees 
with narrow annual rings are more resistant than those with broad ones, 
because the former contain more water and less air relatively. Differ- 
ent annual rings of the same tree may be attacked differently. 

The decayed rings of wood in such trees are always the broad ones. 
The tissues of vigorous branches are rich in water and poor in air and 
infections do not always penetrate to such regions. The healthy bark 
of beech trees in winter-rest contains 19 to 20 per cent, of air and at 
the time of budding the air diminishes to ii per cent,, rising afterwards. 
This is correlated with the canker disease, Nectria ditissima, which in 
Europe does its damage during the winter months, while during the 
vegetative period it ceases. Hence, we have opened here a very prohta- 
ble line of investigation to determine the relative amounts of air and 
water with respect to immunity, or its absence. Again, in the irrigated 
districts of America, the fruit trees have only a few diseases due to 
species of Valsa and other species of fungi. Defective irrigation may 
bring about the prevalence of the die-back diseases, which may be rcme- 

1 Munch, E. : Untersuchungen uber Immunitat und Krankheitsempfiinglicb- 
keit der Holzpflanzen. Naturwiss. Zeitsch. f. Forst. und Landw., 7; 54-75, 87- 
114, 129-160, 1909; Appel, 0.: Phytopathology & Scientific Botany, loc. cU. 
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jed i.y changing the system of irrigation. The land should be irri- 
ated at the time when the trees contain small amounts of water and 
lucb lur? so AS to prevent an excessive decrease of water in the tissues. 

The condition of the humus has a rather remarkable influence on 
he growth of plants. Ericaceous plants, such as the trailing arbutus 
repens) f wintergreen {Gaultheria procumbens), bearberry 
Arctosfnph^o^ blueberry {Vaccinium corymbosum) flourish 

1 an acid humus and if the attempt is made to grow such plants 
nder other conditions, they languish and die. Other species like In- 
liaa turnip {Arisama iriphylla), blood root {Sanguinaria canadensis), 
ue anemone {Anemonella tkcUictroides) grow best in a leaf-mould humus 
pjiich is neutral or slightly alkaline. Reverse the reaction of the soils 
,bout these plants and they gradually die. 

The presence of an impervious hard pan below the surface soil is 
I condition which prevents the normal development of trees, as I have 
hown in my book on the “Pine Barren Vegetation of New Jersey/’ 
inhere in the region known as the Plains, the pitch-pine trees are kept 
Iwarf owing to an impervious subsoil layer. There the trees flourish 
:or a number of years, then begin to suffer until unable to penetrate the 
ieeper layers of the soil, they finally succumb to be replaced by younger 
;rees which meet the same fate. 

Climatic and Meteorologic Factors. — The most important 
dimatic factors, which may be looked upon as in any way related to 
lisease production, are light, heat, precipitation (rain, dew, frost, snow, 
lail and ice) wind and electricity (lightning, etc.). 

Light is essential for the life functions of all green plants. Carbon 
iioxide and water are united by the energy of sunlight to form starch. 
The synthesis takes place in the chloroplast, starch being formed as 
the first visible product. Ordinary sunlight of a bright, clear day may 
under certain conditions of plant growth be too intense and it acts 
prejudicially. The writer has frequently noted, that garden plants 
suffer, if after a wet, cloudy spell during the rapid period of growth, 
they are exposed to a bright sun without protection. It takes a few 
days of bright light to sun-harden the plants. Trees, especially with 
^ smooth bark, which have grown in a very dense wood, and then 
pddenly isolated in later life, suffer from scorching of the cortex, 
phey are sunburned. Plants grown in greenhouses, which have been 
painted with whitewash to reduce the intensity of the rays of light, have 
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their leaves burned if part of the whitewash is removed. The iiglit 
passes through the opening thus made and the leaves on which it ^ 
concentrated are scorched. 

Several diseases of plants are caused by too brilliant sunlight. Such 
are sunscald, sunscorch and bronzing.^ Sunscald may follow as a 
result of too intensive sunlight, as,. for example, when certain fruit trees 
are stripped of their foliage in summer, such as sometimes results front 
the ravages of the gypsy moth. In such instances the new unripened 
wood sunscalds badly. Sometimes it is associated with severe and 
abrupt changes in temperature on non-ripened wood. ‘‘Sunscorch" 
is a term applied to the burning of foliage in summer during periods 
when the soil is dry, and is also common to evergreens during warm 
windy days in spring before the frost is out of the ground. Any 
defects in the root system which prevent root absorption may camt 
sunscorch. “Bronzing” of leaves is a form of sun scorch characterized 
by the occurrence of a reddish-brpwn or bronze color of the leaf. It is 
caused by a lack of soil moisture, or defective root absorption during 
dry, hot periods. 

Too much shade is also detrimental to plants, as is seen under the 
dense canopy of beech trees on a lawn, where nothing will grow, not 
even a blade of grass. The grasses, etc., die of inanition. The condi- 
tion known as etiolation originates where a plant is grown in the dark, 
or in subdued sunlight. Growth in darkness leads to important modi- 
fications in the general habit and structure of a plant. If we takes 
potato plant and raise it in. the dark, we find the etiolated shoot has 
a white stem and leaves which are at first pinkish, and subsequently 
pale yellow, and the absence of chlorophyll is noteworthy. The inter- 
nodes are long and slender and the leaves are small compared with the 
green plant and there are corresponding anatomic differences. Morn- 
ing glories raised in greenhouses in the winter do not twine. They 
grow from four to five inches tali and have only one to two flow^ers. 

Heat as a factor in the growth of plants is well known. Each plant 
has its minimum, maximum and optimum degree of heat. The dis- 
tribution of plants over the larger stretches of the earth’s surface is 
associated with the amount of heat that the different plants receive. 
The absence of heat, where the plant is exposed to a temperature below 

1 Stunk, George E.; Injury to Vegetation Resulting from Climatic Conditions. 
Monthly Weather Review, 44; 569-570, October, 1916. 
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ieezing, is noteworthy. The death of cells rich in water, when exposed 
P low temperatures, seems to depend upon the conversion of the water 
xtrud^'d into the intercellular spaces into ice. The parenchymatous 
Issues are ruptured and crystals of ice are formed. The water, there- 
}fe, which is in the cell reaches the surface and the cell sap diminishes 
1 amount and there may be chemic changes in the cell as a result of 
•eezing, for in some cases the leaves assume a leathery brown color, 
ong exposure to cold may lead to the actual disorganization of the 
rotoplasm. It, however, does not always follow that the formation 
( ice in the intercellular spaces necessarily involves death. Slow 
lawing may be followed by a return of the water to the cells until 
le normal equilibrium is restored and the cells continue to live. * A 
ipid thawing, however, causes death of the cells, because the water is 
Dt reabsorbed. Frost-killed twigs and branches are more susceptible 
) the entrance of saprophytic fungi such as species of Neciria, Dasy- 
\tpk, and The exposure of roots during a snowless wintef 

..ay lead to their disturbance by freezing. The anatomic changes 
iduced by freezing are frost blisters, such as appear on the leaves of 
uit trees and cereals, and frost cracks, which may ultimately heal 
ver, producing an external ridge or enlargement. The fruit-grower 
an distinguish four kinds of winter injury to his trees. First, the 
rosting of the blossoms after they begin to open; second, the freezing 
if the buds in winter; third, the freezing of the twigs and branches; 
ourth, root freezing. It may happen that early in the spring the 
leach trees come into bloom. Then on a cold cloudless night with no 
dnd the temperature sinks below freezing and the partially open 
lower buds are nipped by the frost. About twenty years ago the 
ipper Mississippi Valley was visited by an unusual cold wave. The 
tost penetrated to great depths and the cold was so intense that the 
ree roots were actually frozen in the soil.^ 

The formation of ice fringes upon plants has been investigated 
xhaustively by Coblentz,^ with the dittany, Cunih mdriana. He 
’Consult Wauoh, Fkank A.: Jack Frost’s Tricks. The Country Gentleman, 
eb. 6, 1915, p. 213, Wilson, Wilfoud M.: Frosts in New York. Bull. 316, 
•othcII University Agri, Exper. Stat., June, 1912. Chandler, W.H.: The KiU- 
of Plant Tissue by Low Temperatures. Research Bull. 8, Coll, of Agric., 
'«'>• of Mo., Dec., 1913. 

^Coblentz, Wu. W,'. The Exudation of Ice from Stems of Ptants, Monthly 
'father Review, 42: 490-499, August, 1914. 
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found that the ice fringes are formed when the temperature falls 
freezing. They are formed on the outer surface of the plant. 
growth of the ice fringe ceases when the grouhd is frozen to a depth o{ 
2 to 3 cm. and when the moisture in the stem is frozen. The dimeft. 
sions of the fringe depend upon the rate of evaporation of walcr froj, 
the stem up which it rises by capillary action and upon the amount 
of moisture in the ground. Clouds and fogs in some regions have an 
important effect on vegetation.^ The two forms of foliage leaves oj 
the branches of the redwoods of California are conditioned upon th 
height of the fogs which drift in from the Pacific Ocean. The leave 
on the fog-exposed branches are flat and divergent, while those on tl^ 
sun-exposed branches above the fog level are scale-like and appressed 
The London fogs work detrimentally. to outdoor and greenhouse plants, 
and in Egypt, the cotton capsules long exposed to fog are more ij. 
fested with black moulds. Dew, which lodges on the margins of leaves, 
is, responsible for the entrance of fungi by their spores lodging in 
dewdrops and germinating there. 

The weight of snow and ice breaks off the limbs of trees, breaks down 
herbaceous plants, and this opens up the way for the entrance of 
various parasitic fungi. Ice or sleet storms are especially severe at times 
to trees. The year 1902 was noted for two exceptionally destructive 
ice storms which visited the Philadelphia region. One of these storms 
occurred on Friday, Feb. 21, and the other on Saturday, Dec. 13.^ The 
storm of Feb, 21 was accompanied by high winds and did an irreparable 
damage to the fruit, forest and shade trees. Meteorologically speaking, 
regions of strongly variable temperature are subject to occasional 
winter storms in which the precipitation occurring as rain, freezes as 
soon as it touches any solid body, such as the branches of trees, telegrapb 
wires or the ground. This happens when the ground and the lower 
air have been made excessively cold during a spell of clear aniicyclonk 
weather, when a moist upper current in advance of an approaching 
cyclone brings clouds and rain. All our meteorologists prefer to d 
such storms ice storms; locally near Philadelphia they are denominatfc 
sleet storms. The weight of ice which such hmbs carry is astounding 

’ Weiss, F. E., Imms, A. D., Robinson, W.: Plants in Health and Disease 
1916; 54-56. 

* Hasshberger, John W.: Relation of Ice Stonns to Trees. Contrib. Bot 
Lab. Univ. of Penna., II: 345-349, 1904. 
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The author fovind the weight of a branch of Lifiodendroniulipijera mth 
ce upon it to be 50 grams, without ice 9 grams; so that the ice weighed 
grams, giving a ratio of i : 4.5. Juniperm virginiana with its ice 
oad weighed 310 grams, without ice 13 grams, making the weight of ice 
297, a ratio of i : 2^. Beginning with Dec. 5, 1914, a combination 
ain, snow and ice storm swept across the Eastern States doing much 



F[G. 1 13. — Sectional view of twigs and leaves of various plants showing load of 
:ice carried during the ice storm of Feb. 12 and 13, igi6. i.Acer platanoides,' 2, 
blade of grass; 3, Chiondntkm sirginicus; 4, Diervilla florida; 5, Forsyihia sitspensa; 
0, Ligustrum vulgar e; 7, Lirtod^ndron luHpifera; 8, Plaianus orientalis; 9, Populus 
nlba; ID, Populiis deltoidef; ii, Quercus palusiris; iz, Syringa vulgaris; 13, Tilia 
mericana; 14, TeQoma radicans; 15, xanthoceras sorbifolia; 16, Spir<Ba Thunbergii; 
17, leaf of Rhododendron- tuaximum; 18, icicle on tip of Rhododendron fnaximum, 
kaf hanging do%vn. 


local damage^ and again on Friday, Dec. 31, a severe ice storm visited 
the mountain region of Pennsylvania contiguous to the Juniata Valley 
and Susquehanna River. During the afternoon -of Saturday, Feb. 12, 
1916, a cold rain began which continued well into the night, coating the 
pavements, streets, and tfees with hard ice. On Sunday morning, 
Feb. 13, men, boys and girls took advantage of the icy streets to skate 
UiLicK, J. S.: A Destructive Snow and Ice Storm. Forest Leaves, xv: T03- 
'07, February, 1916. 
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upon them and this unusual sight was stopped by a snow storm, 
followed on Sunday morning. The trees were loaded to the brealdn| 
point. During the continuance of the storin, small branches ^erg 
taken off thirteen trees and shrubs and a blade of grass growing in 
Philadelphia, and the thickness of ice upon them measured with a 
pair of compasses. The accompanying figures drawn life size show % 
relative thickness of the load of ice borne by the twigs, whose thickness 
is shown in the drawings (Fig. 113). 



Fig. 1 1 4. — Happy white eltu, Ultnus americano, plentifully supplied with grown^ 
water near the surface in a depression of the glacial ovftwash plain ^at Westbury, 
L, L, July, 1915. 


The fall of hail stones may, if they are large enough, cause the 
decortication of twigs, or the abrasioji of other plant parts, thus per-’ 
mitting the entrance of destructive bacteria and fungi to the interior" 
of the plants. 

Wind is an active agent in the breaking off of buds and limbs and 
the formation of dangerous wounds. In sudk situations, as high moun- ; 
tains, sand dunes and rocky shores, where trees are exposed to 
forcible action of the wind, they assume a windswept, bisected, or 
prostrate form, which is characteristic and pitturesque (Fig. 
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Fig. ii5,^Unhappy vax-shaped white elm, Ulmus americana, 100 yards south 



ii(j. — Wind-swept white poplar, Populus alba, Nantucket. Mass., August, 19x5. 
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Strong winds increase the amount of tran^kation, tiiat fiJ 
quently we find there is a balance established betwe^'H the ahsorbiJ 
root system and the transpiring leaf system, so that the amount 
foliage is determined accordingly. If the amount of water lost 
transpiration exceeds the amount absorbed by the roots the phjJ 
usually succumbs. Happy trees are those -in which the amount d 
water available exceeds the amount transpired, while unhappy 
are suffering physiologic drought through the action of the wind in 
moving water faster than it can be supplied (Figs. 114, 115, 

Such trees are seen in planted specimens in Long Island, Nantuctet 
and along our seacoasts. With tornadic winds, trees are uprooted h 
general and irreparable damage is done. 

The effect of lightning is a marked one, as a determining factor in 
disease. Recently Jones and Gilbert' have published a paper on die 
lightning injury to potato and cotton plants. One case occurred in a 
field at Monetta, S. C. in the summer of 1913. The cotton plants 
were fully grown and after a severe electric storm on Aug, 3, all th 
cotton plants were killed over an area three rods in diameter. Tk 
leaves wilted, died and blackened, but remained attached to the plants, 
The most pronounced effect, however, was on the stem and root system, 
Other cases are cited of a similar nature in Europe and America. 

The action of lightning on trees is variable. The tree may b 
scorched, it may be stripped of its leaves, it may he cleft longitudinally 
or, more rarely, severed horizontally. Sometimes the bark is stripped 
•from only one ride, occasionally without a trace of burning; at other 
times, it may be riddled, as by worms, with a multitude of little holes. 
The lightning furrows may be single, double, oblique-or spiral ' If tk 
tree is inflammable a fire may be started. Such tall trees, as the big 
trees of California, have been struck repeatedly by lightning and theii 
leaders broken and their tops stunted as a consequence. From early 
times, there has been a current belief that certain trees attract the light 
ning, that others are not struck. The elder Pliny briieved that “Light 

' Jones, L. R. and Gilbert, W. W. : Lightning Injury to Potato and Cott® 
Plants. Phytopatholc^y, 5 : 94-101, with plate, April, 1915; Jones, L. R.: Light 
ring Injury to Kale. Phytopathology, 7; 140-142 with i Apr., 
Stone, George E.; Electrical Injuria to Trees, Bull. 156, Mass. Agric. Erper 
Stat., Oct,, 1914. 
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aing never strikes the laurel.” In certain parts of the United States, 
is held that the beech tree is never struck. 

“Avoid the oak, flee from the spruce, but seek the beech,” yet in 
the Garden Magazine for January, 1916, is given a photograph and an 
iccount of a fine beech tree which was struck by lightning in Pennsyl- 
vania about the middle of June. Plummer^ sums up his investigations 
on the relation of lightning and trees, as follows: 

1. Trees are the objects most often struck by lightning because: 
(tf) they are the most numerous of all objects; {b) as a part of the ground, 
they extend upward and shorten the distance to a cloud; (c) their 
spreading branches in the air and spreading roots in the ground present 
the ideal form for conducting an electrical discharge to the earth. 

2. Any kind of tree is likely to be struck by lightning. 

3. The greatest number struck in any locality will be of the domin- 
ant species. 

4. The likelihood of a tree being struck by lightning is increased: 
(d) if it is taller than surrounding trees; (6) if it is isolated; {c) if it is 
upon high ground; (d) if it is well (deeply) rooted; {e) if it is the best 
conductor at the moment of the flash; that is, if temporary conditions, 
such as being wet by rain, transform it for the time from a poor conduc- 
tor to a good one. 

y Lightning may bring about a forest fire by igniting the tree itself, 
or the humus at its base. Most forest fires caused by lightning proba- 
bly start in the humus. 

Experiments on the electric conductivity of various woods shows 
hat this conductivity depends upon the water content of the wood, 
fthen absolutely dry none of the specimens showed conductivity, but 
he resistance of all was practically infinity. 

Eject oj Smoke, S&ot, Gases and Smeller Vumes on PIattIs. — ^T he 
moke, which is destructive to vegetation under our modern conditions, 
s derived from four sources of supply: (i) .smoke from manufacturing 
plants, or from large buildings; (2) smoke from special concerns, such 
IS the electric power plants of electric trolley lines; (3) smoke from rail- 
■oad locomotives; (4) smoke from the chimneys of dwelling houses. 
5 niok.e belts have been drawn by students of the problem to deter nune 

area influenced by the smoke. From a survey made for the City 

^ PLUiruER, Fked G.; Lightning in Relation to Forest Fires.* Bull, nr, U. S* 
west Service, 1912. 
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of Des Moines, Iowa, by A. L. Bakke,^ it has been found that conifers 
are more susceptible than deciduous trees. The direct injury is seen 
in the deposit of the tarry matters of the smoke in the stomata of 
nearby plants; leaves and leaflets are shed, or assume abnormal shapes^ 
and the formation of foodstuffs is hindered. The sulphur dioxide and 
acetylene, as constituents of smoke act toxically upon the plant. The 
work which has been done in the United States may be summed upa^ 
follows: Burkhart states that injury from gases is the result of tin 
chemical constituent of the smoke and is not due to the clogging of th 
stomata. The investigation of J. K. Haywood* in the vicinity 0: 
the famous smelter at Anaconda, Mont., is of importance. He find 
that trees are injured at a considerable distance; that very sraal 
amounts of SO2 are toxic to plant growth; that water used for irrigalio 
purposes often has sufScient copper in it to be toxic to plant growl 
and that certain trees, as the juniper, are more resistant than others 
Officials of the Forest Service are watching with interest the develop- 
ments in the matter of the fumes from copper smelters in the southern 
Appalachian Mountains. The service has been interested for years, 
but since the acquirement of land in that section under the Weeks law 
for forestry and watershed protection purposes, it has been felt tlial 
the destruction of forests by the action of the fumes should be stopped 

W. L. Hall, forest supervisor of the seventh forest district, has 
recently submitted to the bureau a report upon the subject. It seems 
that one or more of the purchase areas established in the southern 
Appalachians are endangered by the fumes, which are of a sulphurir 
nature. 

^ Bakke, a. L. : The Effect of City Smoke on Vegetation: Bull. hSi 
E xpex. Stat. Iowa State Coli. Agric. & Mech, Arts., October, rgij; The Efiec 
of Smoke and Gases on Vegetation. Proc. Iowa Acad. Sci., xx: 169-187, witl 
bibliography; also Anderson, Paul J.: The Effect of Dust from Cement Mi]l 
in the Setting of Fruit. The Plant World, 17: 57-68, March, 1914. 

^ Die Beschadigung der Vegetation dutch Rauch. Handbuch zuv ErkennuJ 
und Beurteilung von Rauchschaden.von Professor Dr. E. Haselhofj, Vorstelif 
dex landwixtschaftlichen Versuchsstation in Marburg i. H., und Professor 
Lindau, Privatdozent der Botanik und Kustos am Kgl. Botanischen Garten i 
Dahlem, Mit 27 Textabb. 

^Haywood, J. K.: Bull. 89, Bureau of Chem., U. S. Dept. Agric., 19051 1 
jury to Vegetation and Animal Life by Smelter Wastes. Bull. 113 revised, Bure 
of Chem,, U. S. Dept, Agric., 1910. 

^ The Southern Lumberman, xxix: 27, Nov, 6, 1915. 
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The fumes are apt to destroy any vegetation within a radius of 
everal miles of the southern copper smelters. They are also working 
estriK lion in the forests of Montana, California and other states. The 
ction of the fumes is peculiar and variable. Some trees succumb 
juickly to their deadly effects, notably white pine. Other trees are 
ttore resistant, including spruce, it is said. Nor does the gas act uni> 
ormly. Its effects vary with topographic conditions. The fumes 
dll travel long distances up a canyon or narrow valley, destroying the 
roods in it, but leaving trees uninjured on either side. Again, it is 
aid, the sulphur fumes collect in globular form something like soap 
)ubblcs, and drift away, doing no damage until the globular mass dis- 
jerses, sometimes at quite a distance. To a greater or less extent, 
orests at a distance of several miles from copper smelters may be 
lamaged by the fumes. 

It is admitted that the fumes can be controlled by condensation or 
:onsuniption, but the commercial practicability of the process is the 
sending question. The fumes can be and are to a certain extent con- 
certed into sulphuric acid, but the smelter people claim that the market 
:or this product is limited, and that it does not pay to produce more than 
i certain quantity of it, as an oversupply sends the price down, which 
would make it not worth while to control the fumes further. . 

Just now considerable trouble is being experienced in Tennessee 
ind Georgia on account of the sulphur fumes from copper plants. 
In 1905 the State of Georgia took action against these companies, 
alleging that they permitted a discharge of gases, which destroyed 
vegetation, including forest trees, in that state. The companies were 
forced to install plants to utilize a considerable percentage of the sul- 
phuric acid gas. These plants, however, have been unable to utilize 
a sufficient quantity of the gas, and last spring the supreme court de- 
cided to have a special expert ascertain the amount of gas released, 
and the amount which ought to be utilized in order to make the 
fumes harmless. 

The time is close when the pathologist will have to take up this 
question of fume damage, since large sections of the Cherokee area are 
subject to such damage, and it is reported that the injury has extended 
to the Georgia area. 

The injurious effect of illuminating gas and ethylene upon flowering 
'arnations has been investigated by Crocker and Knight.^ The best 

K'rocker and Knight: Botanical Gazette, 46: 256-276, 1906. 
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work in Italy has been done by Brizi,in England by Crowther andkuj, 
tond Recently in America J. F. Clevenger has published a bulletin 
(No. 7), on “Smoke Investigation” for the Mellon Institute of Induj. 
trial Research and School of Specific Industries, University of Pitts, 
burgh, 1913, with plates showing the effect of the smoke on the struc- 
ture of the woody specimens examined by him. 

Illuminating gas absorbed by the soil from nearby gas pipes is 
injurious to trees and has frequently killed them outright, as instance 
a group of street trees in Merchantville, N. J., a few years ago, whicli 
were killed in this way, and for which the owner, Edwin C. Nevin 
received damages from the gas company for $1500, as a result of a 
successful lawsuit. All the ordinary gases used for lighting and 
heating are injurious and act much in the same way. Such are water 
gas, coal gas, gasoKne,. acetylene and others. The first effects of gas 
poisoning, may be seen in the foliage. The leaves turn yellow and in 
some cases drop off, while the leaves of other trees fall while still green. 
The water containing the gas in solution passes into the stem and the 
wood and the cambial portion becomes abnormal The underlying 
tissues, cortex, bast and cambium die. Soon various species of fungi 
gain access to the tree and cause its decay. With the Carolina poplar 
especially, the bark, cortex, etc., on the trunk towards the source of 
absorption showed three or four vertical cracks, or lesions, one-half to 
two and a half feet long. The bark on the sides of these cracks bulged 
out considerably, and an investigation showed a thick layer of soil 
parenchymatous tissue extending to the wood and derived from the 
cambium zone. Later this tissue turned brown, disintegrated and 
became slimy in appearance, the slime exuding from the cracks. 
Illuminating gas dissolved in water in which willow cuttings were kepi 
stimulated the opening of the foliage buds several days earlier than plants 
grown in water not charged with the gas. Stone^ found that the effecl 
of gas on Icnticels was to increase their size, especially under walei 
charged with the gas. This appears to be a general response on tk 
part of the plant tissue to a demand for oxygen. 

That the trees, shrubs and flowering plants in our large cities and 

^Journal of Agricultural Science, 4: 2,5, igii. 

2 Stone, G. E.: Effects of Illuminating Gas on Vegetation; 2Sth Annual Rep- 
Mass. Agric. Exper. Stat., January, 1913; Shade Trees, Characteristics, Adappi' 
tion, Diseases and Care. Bull. 170, Mass. Agric. Exper. Stat,, Sept., 1916, p. 220. 
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in iKe country along our trunk-line railroads are subjected to conditions 
wbicli cause unhealthy growth and disease has been proven abundantly. 
Large factories, power plants and railroad locomotives are pouring out 
volumes oi smoke, which alone is highly injurious, but in addition the 
acid which is formed in the combustion of coal, when dissolved in rain 
water, has injurious effect upon foliage and other plant parts. Its 
action is seen in the corrosion of tin roofs, rain pipes and ornamental 
iron work about city houses. 

The following note is of interest to the plant pathologist and plant 
physiologist.^ During the night of Sept. 19, 1913, a light rain fell, 
followed by a fine drizzle in the early morning of Sept. 20. The wide- 
open campanulate flowers of the common morning glory {Ipomcea 
pu.rpma Roth), growing on a lot in West Philadelphia, four or five 
blocks from the Pennsylvania Railroad, had their usual quota of rain- 
drops studded over the upper, inner surface of the purple corollas. 
Wherever the drops touched the surface of the corolla, the purple 
color was changed to a pinkish red, and in the process of evaporation 
of the raindrops the acid of the drops was concentrated, so that after 
the complete disappearance of the drops a brown spot was left in the 
center of the pinkish red circles of discoloration. The explanation of 
the alteration of color is found in the change of the sap of the corolla 
cells, where touched by the acid raindrops, from an alkaline to an acid 
reaction. A similar change can be induced in blue violet petals by 
bruising them slightly and placing them in an acid liquid. The petals 
change, like blue alkaline litmus paper, from blue to red, and this re- 
action with violet petals has proved useful in the physiologic laboratory 
in the absence of litmus paper. In nature a reverse change, which 
illustrates the same chemic principle, takes place in many flowers of 
plants belonging to the family Boraginaceae, For example, in 
Symphytum and the red flower buds, the cells of which have 

an acid cell sap, gradually change to blue as the flowers open. That 
this Is a chemic change is proved by treating the red buds with an 
alkaline fluid and the blue flowers with an acid one. 

Similar spotting, but less clearly discernible and demonstrable, as 
the delicate reaction with morning-glory flowers, undoubtedly occurs 
on leaves and fruits, and the suggestion is made here, that such spots 

^ Hassuberger, John W.: The Acid SpoUing of Morning Glories by City Rain. 
Scieacc, new ser,, xxxviii; 548, Oct. 17, 1913, 
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caused by the acidi^ of raindrops serve repeatedly as the points of 
entry of parasitic fungi, for there are many leaf , spots and fruit spots 
that show concentric rings of diseased tissue in the earliest lesions pro, 
duced. A- fungus, which is stimulated to growth by an acid condition 
of the cell sap, would find ideal conditions for the commencement of 
growth by entering areas influenced by acid raindrops. 

Traumatism. — Traumatism, or mechanic injury, may be of various 
sorts and the effects are dependent upon the form and severity of the 
injury. Mechanic injury to the plant usually takes the form of wounds, 
which may be divided into natural and artificial. Natural wounds are 
those which are produced on plants living in a state of nature, or in a 
cultivated state in which other natural agents are concerned in their 
production, man’s activity not being considered. Insects and worms 
may make burrows in the organs of plants. Tor example, bark boring 
is accomplished by species of beetles, so also are tunnels through the bark 
and the wood. Pith flecks are minute brown specks, or patches, found 
in the wood layers of trees. They consist of holes formed by boring 
insects filled with dead parenchyma cells, or dead empty cells filled 
with fungous material. Eroded and skeleton leaves, and shot-holes 
in the leaf tissue are directly traceable to the work of cutting insects. 
Frost cracks are longitudinal wounds produced by the rending action 
of the frost on the bark and wood of the trees. Sometimes this lakes 
place with a loud report. The attempt on the part of the plant to 
heal the crack generally produces a frost ridge. Rents made by light- 
ning also occur. Strangulations are lesions formed by woody vines, by 
telegraph wires, or the like pressing on the outer surface of stems whid) 
grow about the compressing object and create additional pressure, sc 
that the compressed tissue dies. Callus forms above the wounded 
areas formed by compression.. Large hailstones sometimes produa 
bruises on the bark of young trees, as also the bombs shot out of vol- 
canoes. The abrasion of a tree by the branch of a neighboring tret 
rubbing against it or the cutting of large lateral roots in laying curb 
stones must be classed as wound phenomena. Wounds are ak 
formed by the teeth and horns of various mammals. Rodents, such 
as mice, rats, beavers and squirrels, are responsible for wounds 
duced by gnawing with their chisel-shaped incisors. Bark is rubbed 
off, or scratched by the horns and antlers of animals of the cow and 
deer tribes. Wounds are formed by the breaking off of branches 
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under the tearing action of the wind, or by the breaking action of the 
^-eight of the ice and the snow of winter. The repair of wounds 

be discussed with the consideration of the pathologic anatomy 
of plants, which will form a separate chapter of this treatise. 

Artificial wounds are due to the influence of man. The ploughing, 
discing, harrowing and cultivation of the soil frequently abrade roots, 
break them off, or seriously wound^them. Limbs are broken off and 
bark removed by farm implements. Knife and axe wounds are easily 
recognized by their sharp character, where the cut may have been 
made vertically, obliquely,, or horizontally. The stripping off of 
pieces of bark opens up the inner tissues of the stem to the attack of 
he agents of disintegration and decay. The removal of twigs and 
Kanches in the ordinary operations of pruning opens upwounds,some- 
[imcs of a gaping character. The ringing, girdling, or scarification 
3f trees for various purposes, if not properly performed, opens up 
HOunds, so do nails^ or spikes driven into the tree for various purposes 
and the placing of electric cables and telegraph wires along our streets 
and roads results in the removal of tree tops. The habit of cutting 
initial letters and monograms in smooth-barked trees, such as the 
beech, or the removal of sheets of birch bark, opens up wounds of vari- 
ous menace to the health of the tree. Injuries due to man-created 
environment may be of a thousand and one kinds too numerous for 
even a brief mention. 

Animate Agents of Disease.— These may be divided into two 
groups, namely, animal and plant. Many animals are responsible for 
the production of wounds and the destruction of plant parts. Man, 
cattle, herbivorous animals, rodents (mice, rats, squirrels, rabbits), and 
birds do great injury to plants by their horns, teeth, claws and beaks 
(woodpeckers). Among the invertebrates are to be included the in- 
sects, mites and worms. Certain nematode worms attack the roots of 
a large variety of plants and produce galls of characteristic form and 
appearance. Phylloxera, an hemipterous insect, winters on the roots 
of the grape, mostly as a young wingless form. Wingless individuaU 
then abandon the roots and crawl up the stems to the leaves, where they 
form galls. Formerly introduced into Europe, it was very destructive 
to European grape vines until it was found that it could be controlled 
by grafting the European vine on the roots of American varieties. 
Insects injurious to plants may be roughly divided into two groups: 
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those with mandibulate, or biting inouth parts, and those with hausii. 
late, or sucking mouth parts. The first group includes the insecij 
that bore into wood, those that bite ofi the leaf surface (F^. m) 
thus skeletonize leaves and those which tear or bite pieces out of leaves 
and other plant parts (Fig. in). The sucking insects include those 
like the bugs, aphids, or plant lice, and scale insects (Fig. 112), whicii 
cannot be destroyed by stomach poisons. These latter insects by suck- 
ing the plant juices do irreparable damage to all kinds of fruit and 
shade trees, and reduce materially the yield of agricultural and 
horticultural crops. 

Of the mites, the most destructive is the red spider Teiranycks 
mytilaspidis. The red spider is probably identic with the insect 
known throughout Florida as the Purple Mite. It is quite a small 
insect, yet distinctly visible to the naked eye. They appear during 
summer in great numbers and damage the oranges by causing the 
fruit to drop and injure the foliage leaves so that they cannot perform 
their functions properly. The leaves become spotted and lose their 
glossy green color. The males and females are protected by stiff hair? 
and their color is purplish, or reddish-purple in the old insects, but ofj 
lighter red when young. 

Animal galls are of various kinds. Those due to insects are charac- 
teristic and will be described, when the pathologic anatomy of plants 
is considered in detail. 

The field of Economic Entomology is a special one and there art 
bulky treatises dealing with various phases of it. A useful book, and 
written in an easy style is one by John B. Smith, late Entomologist of 
the New Jersey Agricultural Experiment Station, and is entitled 
“Economic Entomology for the Farmer and Fruit Grower.*^ etc. 
Although published in 1896, it is still a useful book, A few American 
classics on the subject may be mentioned, as follows: 

Crosby, C. R. and Slingerland, M. V.: Manual of Fruit Insects, 

1915- 

Forbes, S. A.: Several Reports of the State Entomologist on the 
Noxious and Beneficial Insects of the State of Illinois. 

Harris, T. W.: Insects Injurious to Vegetation (several editions). 

Insect Life, seven volumes (a mine of information on AmerkiJs 
economic entomology). 

Packard, Alpheus S.: Insects Injurious to Forest and Shade 
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trees. Report of the United States Entomological Commission, 
1890. 

KiLEY, C. V.: Several Reports on the Noxious, Beneficial and other 
Insects of the State of Missouri. 

Saunders, William: Insects Injurious to Fruits (several editions). 
United States Bureau of Entomology: Popular and Technical 
Bulletins on Insects. 



CHAPTER XXIV 

PLANTS AS DISEASE PRODUCERS, EPHIPHYTOTISM, 
PROPHYLAXIS 

Vegetal Agents oe Disease— The plants which are known to 
be injurious to other plants fall naturally into two large groups, namely, 
the Phanerogamic and the Cryptogamic. The latter includes injurious 
algae, slime moulds, bacteria and fungi. 

The phanerogamic parasites belong to four families of plants, 
Their morphology and physiology is fairly well known, so that in theii 
discussion, we are entering well-trodden fields of investigation, 
tv^he flowering plants, which lead a partially or wholly dependent 
life upon a host plant, may be considered as belonging to two distinct 
groups: the green parasites and the chlorophylless parasites. Tk 
plants of the first group illustrate by gradations how the conditions ol 
life of the second group have arisen. The seeds of the first series ol 
green parasites begin their growth in the soil and there develop into 
seedlings with cotyledons and root system, without any connection 
with a host plant. The root branches supplied with suckers then 
become attached to the roots or underground stems of other plants, 
About one hundred plants of the sandalwood family, Santalacei, 
belong to this series, including the true sandalwood, Santalum alhm 
of India, where its roots live attached to the roots of a species of Acm 
leucophcsa and Pride of India, Melia azidarachta^. 

The bastard toad-flax of Europe, Thesium alpinum, is anothei 
member of this family. It develops relatively large suckers, whicl 
become attached to the roots of other plants. ♦These suckers are con 
stricted near their point of insertion. The swollen part spreads itsel 
over the root of the host as a plastic mass, while the central cores p 
f orate the root and grow into the wood of the host where they sprci 
out. Comandra umbellata is a santalaceous parasite found in the piiK 

^ Wilson, C. C.: Sandalwood. Indian Fore‘;ter, xli: 248, August, 1915. 
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arren region of New Jersey. The family SCROPHULARiACEiE includes 
number of these root parasites. Such are the eyebright {Euphra- 
ia\ yellow-rattle {RhimfUhus), cow-wheat (Udampyrum), lousewort 
Pediculdfis) and others. The suckers of the yellow-rattle are of 
onsiderable size: their margins are swollen and they spread around the 
oots of the hosts. Those of the cow- wheat resemble in general those 
if the yellow-ratUe. In America species of A gdinis (old genus Gerardia 
n part) are known to have parasitic attachments to the roots of various 
)laiits. This plant is a member of the family RhinanthacetE (Scroph- 
jlariace^, tribe Khinanthae); 

The second series comprises the chlorophylless root parasites, such 
ts LaihrcEa sqmmaria, the toothwort. The young seedling lives at 
irst upon the reserve substances of its seed, sending out roots in all 
lirectioiis. These finally fasten to the roots of ash, hornbeam or 
joplar, by means of a sticky sucker, which develops a central core 
hat penetrates into the roots of its host. Colorless shoots covered 
.vilh whitish scale leaves are formed and the flowering shoot which 
ievelops above ground has a purplish hue. 

The third series of parasitic^ flowering plants includes those of the 
amilies Orocanchace^, Balanophorace^ and Hydn graced. One 
;cnuSj Orobanche^ the broom-rape genus, is sufficiently common to merit 
itteation (Fig. 117), The embryo of Orobanche shows no trace of root 
lad stem and is without cotyledons. It is a spiral filament of delicate 
:ells feeding on the stored reserve food. In its downward growth, its tip 
[races a spiral line until it finds the roots of a congenial host, when it 
aot only adheres firmly to a root, but swells in such a way as to assume 
1 flask-shaped appearJince. The thickened part becomes nodulated 
and papillose and some of the papillae form conic pegs, which penetrate 
into the root of the host until the vessels of the parasitic attachment 
of the broom rape reach the vessels of the host. A bud is formed at 
the point of union between host and parasite and a strong thick flower- 
bearing stem grows above ground. Closely and intimately associated 
with a host, such as a clover plant, the broom-rape does considerable 
damage. ConophoUs amerkana (Fig. 118) and C. mexicana live as 
parasites on oak roots, developing large swellings out of which the 
flowering shoots grow. 

; The writer collected ConophoUs mcxkana in 1896 6n the roots of 
p oak, reikulaidy on the mountains at Eslava (i 0,000 feet) 
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)ove the Valley of Mexico. Cf. Wilson, Lucy L. W., Observations 
1 Conopholis atnericana, Cont. Bot.-Lab., Univ. of Pa., II: 3-19. 

The fourth series of phanerogamic parasites comprises plants of 
,e family Rafplesiace^, to which a number of genera belong. Raj- 
?50 is ^ genus confined to the islands off southeastern Asia, Java, 
orneo, Sumatra and Philippines, The whole plant is reduced to a 



'ir,. 1 18. — Cancer-root, Conopholis americana of the broom-rope family, Oroban~ 
xhea; parasitic on roots of other plants. (From Gager, after Elsie M, Kiltredge.) 


igaatic ill-smelling flower, one meter across, with parasitic attach- 
penis suggesting fungous hyphae, which penetrate the roots of vines 

[ the genus C-issus. Brugmansia and Cytinus are two other genera 
this family. Cy times hypocisttis lives on the roots of shrubs of the 
aus Cistus in Mediterranean Europe. 

The fifth series of parasitic phanerogams includes, epiphytes of 
shy habit belonging to the family Loranthaceje. The genera 
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Fig. 1 19. — Distorted branch of mulberry caused by mistletoe (Pkoradeiiirfi 
fiavescens), Austin, Texas. {After York, H. H., Bull. 120, Univ. of Tex., pi- if' 
March 15, 1909.) 
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•gfanihus, Phoradendron and Viscum include the well-known mistletoes, 
fhe American mistletoe, Phoradendron fiavescens (Fig. 119), extends 
southern New Jersey, Maryland, Ohio, Indiana and Missouri 
0 Texas. It is a slow-growing green parasite, which on account of its 
hlorophyUis not entirely dependent upon its host for its carbohydrates 
figs. i2oand 121). It is essentially a water parasite, and consequently, 
ts parasitic roots or sinkers grow into the woody cylinder of its host. 



Pig. 120. — Cross-section of a live oak branch showing five stems of mistletoe 
orasitic upon it. N ote sinkers on parasitic roots penetrating into oak wood. {From 

'm.) 


fiicre they , spread out circumferentially (Figs. 120 and 12 1). The 
prite berries, which are sticky, are carried by birds as the sticky 
Ns containing the seeds adheres to the bill and is only removed 
|y rubbing the beak against the bark of a tree, for example. 
pstletoe does not kill the trees directly, but it often Causes them to 
pome very much dwarfed and their branches distorted greatly. 
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Parts of trees, however, may be killed.^ The larch mistletoe, 
mofskya Douglasii laricis, is one which lives on the western larch ii 
Idaho and Oregon and in the open places interferes seriously with the 
development of some of the more valuable timber trees. 

The sixth series includes the climbing parasites, which are destitute 



Fig. 1 21. — Sectional view, partly diagrammatic, of a branch infected wii 
mistletoe, showing relation of parasite and host, a, branch of host tree; b, mistJeto 
c, primary sucker; d, sucker from cortical root; e f, cortex; g, cambium; A. 
of branch. {After Bray, W.L., Bull. 166, U.S. Bureauof Plant Industry, Feb. 


^ The student should consult the following for more detailed information abo 
mistletoe. Sorauer, Dr. Paul: Handbuch der Pflanzenkrankheiten (2d editk 
1886. u: 25-32; Peirce, George J. ; The Dissemination and Germination of drwwi'i 
Hum ocddentalis. Annals of Botany, six: 99-113, January, 1905; York, HarlanI 
The Anatomy and some of the Biological Aspects of the American Mistlet 
Bull. Univ. of Texas, Scientific Series 13, March 15, 1909; Meinecke, E. B.: I3.ra: 
ism of Fhoradendron juniperimm, Proc. Soc. Amer. Foresters, vii; 35-'4b 
1912; Mistletoe Pest in the Southwest, Bull. 1C6, Bureau of Plant fndust 
Wr.iR, Jakes R.: Larch Mistletoe, do. Bull. 317. 
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( ch(<iropIiyy and whose seeds sprout in the soil and send up a filiform 
^em which brings itself by its movements into contact with some 
ost plant, which is penetrated by parasitic roots which enter, as 
ir as the bast region and extract elaborated food. When established 
n the host the parasite severs its soil connection. Leaves have been 



ic. 122. — Dodder {Cuscuta) in flower and parasitic on a golden rod, Solidago ulmi' 
folia. {From Gager, after Elsie M. Kiitredge.) 


:diiced to a few scales located near the clusters of small flowers and the 
dning stem assumes a yellow, or orange-yellow color. The dodder, 
(Figs. 122 and 123), belonging to the bindweed family, is 
iiistralive of these parasites. 

Related in habit are species of the genus Cdssyiha. Most of the 
'ccies of Cassyth/E inhabit Australia, but some are -found in New 
Jaland, Borneo, Java, Ceylon, the Philippines, the Moluccas, South 
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Africa, the West Indies and Florida. In Florida,^ Cassytha fiUjornii 
is abundant on the dunes and in the rosemary scrub, where it sjjins its 
yellow, or reddish-orange stems from bush to bush. 

Fungous Organisms as the Cause of Disease. — The first pan 
of this book dealt with the morphology, physiology, and taxonomy, oi 



Fig. 123, — PhotomicrograpTi of the section of a dicotyledonous host plant para- 
sitized by dodder, Cuscuia sp. At D and D’ note haustoria entering host plant as 
far as the bast region of the stem. (A Her Gager) . 

the slime moulds, bacteria and true fungi. General reference was made 
to the diseases induced by them and in the third part will be given an 

^ Harshberger, John W.: The Vegetation of South Florida. Trans. Wagner 
Free Inst, of Science, vii, part 3, October, 1914; 86; C/. Boewig, Harriet; iJ'e 
Histology and Development of Cassytha filiformis. Cont. Bot. Lab., Vniv 
Penna., ii; 399-416, 1904. 
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account of the fungi which cause specife: diseases. It remains for this 
(iiscussion to consider f^uhgi as the causes of diseases in general. Fungi, 
using the word ia the bfoidest sense to include the bacteria and slime 
moulds, are responsible for an extraordinary number of diseases. The 
entrance of the orgamsm into another is known as infection. Nothing 
[ike the infection of animals where the microbe, or its poison, circulates 
in the blood, and finds lodgment in most of the organs is found with 
plants. Infectic^ follows, when a fungous sppre 'germinates and pro- 
duces an mfecting hyphag, which grows into the cells^ or between the 
cells of the host,tit.may W teaching to the ends of the plant. As disease 
is induced by parasitic fun^, the parasite which enters the host- and 
spreads through it must absorb and utilize the plastic and other sub- 
stances of the plant, which is parasitized. Thus, we can divide the 
endophytic hyphse into the intercellular hyphse such as we find in the 
ooraycetous fungi and Puccinia simplex. With such 4iyphae the 
protoplasmic and other contents of cells are utilized by the formation 
of haustoria of different forms and kinds, which penetrate the interior 
of the cells. The second kind are the intracellular hyphae, which as in 
the disease of the plane tree, Gnomonia venetay grow lengthwise and 
crosswise from cell to cell. 

The growth of the hyphae between and through the host cells is 
accompanied by the formation of soluble ferments. These dissolve the 
substance of the cell walls of cellulose, or woody walls with lignin and 
pigment deposits. The hyphae live on the products of solution.^ 
Hence timber may be damaged in two ways: by the formation of minute 
pores and apertures through it; or by a solution of the cell-wall materials. 
The wood loses in strength and in weight and becomes “rotten.’^ 
This rotten condition, however, is reached in a multiplicity of ways, for 
every parasitic fungus that lives in the wood of growing trees destroys 
the wood in a manner jnecnUar to itself. Starch grains are decomposed 
also in the cells, likewise crystals and tannin, for by the disappearance 
of the latter, the smell of sound wood is lost. Hartig has described 
the several methods in his ‘ 'Text-book on the Diseases of Trees.” 

Then too, we have the epiphytic fungi which live on the surface 

^ Sometimes the hyph* grow toward and surround the nucleus as the nucleus 
Exerts a chemotactic influence. Such hyphse may be termed jiucleotropic as in 
odoxet, 

* Consult Shitb, Exwin F.: Bacteria in Relation to Plant Diseases, ii: 76-89. 
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of the host, as with the common mildews, and send short haustoria 
into the epidermal cells of the host on which they grow. Some fungi 
have mycelial hyphae that grow in both way$, intracellularly and inter, 
cellularly. Others, as a number of wood-destroying fungi, grow do^n 
through the tissue of the host and ultimately kill it. Apical growtli 
is shown by some. ’ The haustoria, as they enter a cell; may flatten out 
against the cell wall, as in Piptocephalis. Such flattenings are knotj 
as appressoria. The haustorium, which enters a cell, may become 
branched, or dendritic, it may enlarge into a haustorial knob, or re- 
main as an haustorial tube. Internal sclerdtia are formed sometimes 
in certain parasitic fungi. These are consolidated or hardened masses 
of hyphae, which are associated with a resting period. 

Ordinarily when a spore falls on the surface of the plant, it produces 
a germ tube, which by the action of a secreted ferment bores its way 
through the epidermal cell walls and thus enters the host. Sometimes 
it penetrates the*cuticle, grows between it and the cell wall and grows 
down between the membranes of the cells, as in Botrytis parasUicQ. 
Occasionally, but not commonly, it enters through the stomata, or 
sometimes through nectaries and stigmatic surfaces. However, there 
are certain bacteria, such as those which cause the black rot of the 
cabbage, which fall upon the drops of water excreted by water stomata 
and by following the water back into the plant infect the cabbage 
leaves. A cork layer is protection against infection. Fungi, however, 
gain access to the interior of the plant in a variety of ways. Sdme 
years ago^ the writer considered the way in which fungi enter living 
trees and a restatement of the facts presented in that paper is 
apropos. 

Occasionally the planted seed contains a dormant fungus (but not 
as a mycoplasm in Eriksson’s sense), which begins its growth, as soon 
as the seedling plant emerges. The oat- or wbeat-smut spores are 
produced in the grain and consequently infect the cereal plant when 
it is small, and at or near the surface of the ground. In other cases the 
fungus penetrates the underground parts or the twigs of trees. Fungi 
gain entrance to plants, through injuries caused by mechanic, meteoro- 
logic, chemic, or other agents. Mechanic injuries are due to man, 
animals, or other causes, such as the weight of snow, the rubbing of 

‘ Haeshberger, John W.: How Fungi Gain Entrance to Living Trees. Forest 
I.«eaves, viii: 8^90, December, 1901. 



PLANTS AS DISEASE PRODUCERS 


309 

LvvH) i>ranches together. Squirrels in search of 'food bite oS the twigs 
of trees. Deer and moose browse upon the tender branches and bark 
of various trees, the moose especially upon Acer pennsyhanicum and 
Sorhus americana. Grizzly bears rub their backs against the bark of 
trees and sometimes in this way decorticate them. Rodents peel ofi 
the outer protective layers of roots as food, or as material with which to 
line their bunows. The mycelia of Rhizoctonia, or the oak-root fungus, 



Fig. 124. — Street tree injured by use as a hitching post. {After Sturgis, W. C., Rep. 

Conn. Agric. Exper. Stat., pi. Hi, 1900,) 

Rosellinia quercina, which live in the soil, penetrate into roots through 
wounds produced by field mice and gophers. The honey agaric, 
Armillaria mellea, forms strands of hyph® known as rhizomorphs, 
which grow through the soil and find an easy entrance into roots 
(iecorticated by rodents. Beavers are active agents in cutting down 
trees and removing the bark therefrom. Woodpeckers drill holes into 
trees and in their case it has been definitely proved that they carry the 
vial)]e summer spores of the chestnut-blight fungus, Endolhio ■para- 
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silica, a single downy woodpecker carrying 757,074 spores.^ Wood, 
boring insects (Fabuly ScoLYTiOiE) of the genera Dendrodotm^ 
Scolytus, Tomicus are responsible agents in the destruction of trees 
opening up holes through which fungi may. gain entrance. Horses 
do considerable damage to trees by stripping off the bark with theii 



teeth, and street trees cannot be too 
soon or too carefully protected from 
such ravages, for a tulip tree plarrted in 
the afternoon in front of the house o[ 
the writer in West Philadelphia had a 
strip of its bark removed by the curb- 
stone horse of a delivery wagon before 
nightfall of the same day (Fig. 124). 

Telegraph wires stretched in everv 
direction rub against the trunks and 
limbs of trees, and do mechanic injury 
in this way, but, if the insulation is 
rubbed off the tree may be badly burned, 
or even set on fire by the electric cur- 
rent, especially on rainy days wbea 
there is a direct grounding of the cur- 
rent through the water running down 
the crevices of the bark. Many trees 
in our cities are planted too close to the 
curb and the wheels of passing wagons 
tear off pieces of bark (Fig. 141). 


skillful pruning. {Slurgis, W. c.. Farmers in plowing, hoeing, mowing 
StaL, pi. cultivating the soil injure the 


roots and stems of cultivated planU 


and open the way for the entrance *of destructive fungi. The blazing 
of trees by surveyors, the careless system of lumbering, careless trans- 
planting of young trees, are fruitful sources of injury to trees. Careless 
pruning (Figs. 125 and 126) of trees by inexperienced men, such as was 
prevalent in Philadelphia before the Park Commission undertook to 
properly care for the trees, caused the death of many fine shade trees. 


1 Heald, F. D. and Studhalter, R. a.: Preliminary Note on Birds as Carriers 
of the Chestnut Blight Fungus. Science, new ser,, xxxviii: 278-280, Aug. 
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gtuijs were left which never healed over and through the exposed sur- 
face the fungi of wood decay gained easy access. 

The injuries produced by meteorologic causes are important. 
Entire forests have been levelled by tornadoes. Cracks are produced 
by wind action. Lightning opens a way by cracks to the interior. 
Snow and ice snap off large limbs and hail stones bruise the bark and 
leaves of trees so that fungi can readily enter. Chemic substances are 
rather exceptional destructive agents to which reference has been called 



Juglans nigra. Cold Spring" Harbor, L. I. Note large 
open-branch stub (July, IQT4). 


in a previous page. Besides these agents, it occasionally happens, that 
fungi enter healthy plants through diseased grafts which^are inserted. 
Robert Hartig mentions such a graft union of diseased and healthy 
roots in the case of the red-rot fungus, Trametes radkiperda. Here 
contact of the diseased root containing the fungusVilh the sound one 
of a neighboring tree and the partial natural graft union of^these two 
roots explains how such infection occurs. An enumeration of the 
^■ay in which fungi can gain entrance to plants follows: 
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Infection by natural 
growth of the fungus 


! A, By means of spores, or hyphsc, into stomata 
water stomata. 

B. By isrment action of a fungus on the epidertiusd 
the host. 

^ j I By developing from a dormant state in the need into 
' I an active state in the seedling. 

I Beasts 

I. Mechanic injuries j Man 
induced by j Fall of fruit 

I Combined weight action of fruit 


Infection through \ 


II. Meteorologic in- 
juries induced by 


Wind 
Snow ' 
Ice 
< Hail 
i Lightning 
Sun 
[ Frost 


HI. Chcmic injuries 
induced by 


Factory gases 
Sewer gases 
Locomotive gases 
Chemicals at roots. 

Alkali soils 

Gases and chemicals in geysers, tie. 


IV. Non-classifiable 
injuries induced by 


i Natural grafting and budding 


Incubation. — The period of incubation is the time between ex- 
posure to the cause of the disease and the first appearance of the symp- 
toms, or physical signs of the disease. This period in plants is quite as 
variable as in animals, and it is dependent on the nature of the organ- 
ism, whether it is virulent, or its virulency attenuated, on its food re- 
quirements, on its temperature requirements, the volume of infections ' 
material, the stage of development, or age of the host plant, the amouni 
of water and air in the invaded tissues, and individual or varietal re- 
sistance. The period of incubation may be as short as a few hours 
or as long as three to four weeks. Presumably on seedling tissues the 
period of incubation of the damping-off fungus, Pythium de Baryanu>n- 
is only a few hours. Experiments performed by Erwin F, Smitb' 

1 Smith, Erwin F.; Bacteria in Relation to Plant Diseases, ii: 66. 



PLANTS AS DISEASE PRODUCERS 


3^3 


yith BactW-us tracheiphilus and young cucumbers where the organ- 
ism was inoculated from young cultures, and on susceptible plants by 
incedle-pricks, showed that signs of disease rarely appeared in less than 
three to four days, and that signs of wilt and change bf color usually 
^-ere visible in five to seven days. In the case of the while pine blister 
rust, Cronartium ribkoh, the period of incubation in the pine is from 

one to six years. 

Duration of Disease. — The resistance of plants to disease is various 
even after the fungus has obtained an entrance into the tissue of the 



ru;. 127. - Chestnut, Caslanea denlata, killed by blight fungus, Rndothia parascaili, 
Cold Spring Harbor, L. 1 ., July, 1914. 


lost. In the case of large trees like the white oak, a number of years 
nay elapse before the tree finally succumbs to such fungi, as Pomes 
fvlyporus) applanatus. A chestnut tree a few miles outside of 
Philadelphia resisted the chestnut-blight disease for over four years 
lom the time of first ihfection before it finally succumbed. Smith 
(it.) describes how a good-sized potato tuber was half rotted in 
>ve days at ordinary autumn temperatures when inoculated with 
bacillus pkyWpMhorus by means of a few nee<31e-pricks. 
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The final outcome of the disease may be a complete destfiictiotijj 
the host (Fig. 127), or its complete recovery. The simplest cases are leaf 
spots, or fruit spots, which are removed from the plant when the leave 
and fruits fall without in any way jeopardizing the general health of 
plant. Sometimes the plant recovers from bacterial, or fungal diseases, 
but such recovery does not protect the plant from subsequent attack 
of the same disease, as is the case with some diseases of animals. Old 
and slow-growing cabbages are rather resistant to Pseudomonas ram. 
pestris while young and rapidly growing plants are apt to be destroyed. 
Vaccination of plants to ward off diseases has never been successii]] 
and it is doubtful whether this means of protection is available far 
plants. It is, however, a wholly unworked field. Some experiments 
which Smith, Townsend and Brown performed in 1908 and 1909 seem 
to show that after Paris daisies have been inoculated several times wtl 
Pseudomonas tumefaciens with the production of tumors, that subse- 
quent inoculations with cultures of the same virulence are wilhoat 
effect, but owing to the possibility that the results were due to loss of 
virulence, the experiments wgre inconclusive. For the student, who 
may be interested in pursuing this line of important research wojI 
further, the following bibliography is here given, taken from Smith. 

Shattock, Samuex G.: The Healing of Incisions in Vegetable Tissues. Journ 
Path, and Pact. Edinburgh and L.ondon, v: 39-58, 1898, 

Hiltner, L. and Stoemer, K.; Neue UntersUchungen iiber die WurzelknoUchti 
der Legurainosen und deren Erreger. Arb. a.d. Biologischen Abt. fur Laod 
und Forstwirthschaft am Kaiser. Gesundheitsamte iii, heft 3: 151, 1903, 
Beullowa, J. P.; Ueber den Selbstschutz der Piianzenzelle gegen Pilzinfektioi. 

Jahrb. f. Pflz. Krh. K. Bot. Garten Petersb., Nr. 4, 1907. 

Alten, H. von: Zur Thyllenfrage. Callusartige Wucherungen in verlezlc# 
Blattstielen von Nuphar luteum, Bot, Ztg.’, 68, part ii : 89-95, 

Shttb:, Erwin F.: Bacteria in Relation to Plant Diseases, ii: 93-94, 1914- 


DISSEMINATION OF FUNGI 

Fungi are usually reproduced by spores, which are minute and lighl 
and easily carried about by various agents, such as on seeds, by the wind 
by water, by insects, by other animals, by agricultural and commer 
ciai practices and by railroads, cars and other vehicles. The blacTkg 
or Phoma wilt of cabbage of recent introduction, wasmtroduced iron 
Europe undoubtedly with imported seed, and as we seen varlou 
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are carried by the single fruits 0^, various grains. In the aecial 
iiage af the cedar-apple fungus, Gymnosporangium juniperi-virgimmi«, 
[he spores are set free during dry weather at a time when they are most 
i'helv to be wind-carried.^ The spores of the water molds are carried 
y currents of water and those of the cranberry gall due to Synchy- 
mcdnii The motile zoospores of the damping-off fungus need 
-ater tor their dissemination. The spores developed during the 
Iphacelia stage of the ergot fungus on rye are carried by insects. The 
ormation of the xonidiospores is accompanied by a sweet substance, 
he sO'Called honey -dew, which is much relished. Birds, especially 
voodpcckers, disseminate the spores of the chestnut-blight fungus, 
^Mdothia parasitica j and in a great many different ways man is active. 

EPIPHYTOTISMS (EPIDEMICS) 

When a plant disease becomes virulent, rampant and aggressive, 
preacling rapidly from place to place, it is said to be epiphytotic 
epidemic). A number of such epiphytotisms (epidemics) have oc- 
urred and the destruction due to some particular plant disease has 
leen enormous. The potato crop in the British Isles during the 
ummer of 1845, owing to a high temperature and abundant rains, 
.uffered entire destruction in the short space of a fortnight. This was 
lue to the ravages of Phytophihora injestans, an oomycetous fungus, 
vhose spores in wet weather produce numerous infecting motile 
loospores. The destruction of the potato crop led to the repeal of the 
:orn laws of England, and as a sequence, the inauguration of a free trade 
policy. The Irish famine was the direct result and thousands of the 
natives of the Emerald Isle emigrated to America. With respect to the 
disease known as peach yellows Dr. Erwin F. Smith writing in 1891^ 
fays; ‘'Formerly this disease was confined to a small district on the At- 

t mtic Coast, but during the last twenty years it has invaded distant 
egions hitherto free, and has entirely ruined the peach industry over 
very considerable areas. Within ten years the disease has taken fresh 

^Heald, F. D.: The Bisseminations of Fungi Causing Disease. Trans, 
^tnericaa Microscopical Swety, xxxiii: 5-29, June, 1913. 

' S^fnH, Erwin F. : Additional Evidence on the Communicability of Peach 
ieilows and Peachy Rosette, Bull, i, Div. of Vegetable Pathology, U. S. Dept. 
%ic., 
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very strong hold upon the orchards in the Delaware and Chesapeake and 
region, the north portion of the peninsula, and has destroyed thousajjdj 
and thousands of trees, rendering a great industry unprofitable and 
precarious.” The recent spread and virulency of the chestnut-bligin 
fungus, Endothia parasitica, from the neighborhood of New York City 
where it was probably first introduced, is so recent and fresh in t!i^ 
minds of the public, that an extended account of the epiphytotisiQ 
(epidemic) need hardly be made here. The disease has practicallv 
destroyed the native chestnut trees of the forested areas of the east, 
ern states east of a line running northeast and southwest throng)] 
the central part of Pennsylvania . There have been a few sporadic cases 
west of that line removed through the heroic efforts of the men em- 
ployed by the Pennsylvania Chestnut Blight Commission, who witbi 
big appropriation of state money tried to find a way of heading ofi tlit 
disease and finally controlling it but without success. Introduced inai 
probability from China, where it has been found recently, the ravages 
of this disease have been without precedent. 

As to the epiphytotic diseases of plants due to animals, we haw a 
number of instructive illustrations. The account of the introductioii, 
.spread and final control of the cottony cushion scale forms one of th 
most interesting chapters in the history of American phytopatbologv. 
Having been introduced from Australia to California in 1868, it 
spread so rapidly during the next twenty years that its ravages proved 
a very serious menace to the citrus industry of the southern part (d 
California. The Australian ladybird beetle, which was introduced 
into California from Australia in 1889 for the purpose of controiiing 
this scale, was so successful, that except for occasional outbreaks it 
ceased to be considered a serious citrus pest. 

All of these epiphytotisins (epidemics) and others that might k 
cited have been possible in all probability because the climatic condi- 
tions of temperature, moisture, rainfall, wind and soil conditions kvf 
been favorable during the period of most active virulency, when tk 
diseases became firmly established. As an important contributing 
cause may be considered the unhealthy, abnormal, or susceptible condi- 
tion of the host, plant owing to the methods 'of cultivation which havf 
reduced the disease-resisting capacity of the plant. In the case ol 
the chestnut, the restoration of the trees by sprouting from the stunif 
was undoubtedly one of the contributing causes of the «pid spread o‘ 



iPtANTS AS DISEASE PRODUCERS 


3x7 


he disease. Altogether, these epiphytotisms (epidemics) result either 
^hen the conditions are fav^able for the spread of the parasites, or 
yhen the general tone and health of the plant has been lowered by 
[uproper methods of handling, so that its disease-resisting capacity 
las been reduced. Recognizing the possibility of the introduction of 
(ther virulent fui^ous, or animal diseases, a stricter quarantine has 
)een instituted by both the individual state and national governments 
nth a careful inspection of nursery stock designed for shipment from 
)lace to place. 

PROPHYLAXIS 

Prophylaxis may be defined as the means taken to prevent disease. 

;t Includes a consideration of the methods of protecting plants from 
lisease, of preventing the spread of disease, and of the methods of 
)reeding by which the disease resistance of plants is increased until in 
lome cases absolute immunity is reached and the plant is made proof 
tgainst disease. Some diseases are preventible by the observance of 
jroper care in the cultivation of plants, ^ and by habits of cleanliness, 
^’hen no refuse which might harbor insect or fungous disease is per- 
litted to remain, but is either destroyed, or rendered innocuous.’ 
or example, vegetable and agricultural crops should be rotated, so 
ml the same crop would not follow upon the same piece of soil where 
le animal or fungous parasite may be lurking. Neither should the 
irmer attempt to cultivate certain crops in acid soils, or in low situa- 
ons subject to frost action. Nor should seeds be placed in beds rife 
ith the spores of the damping-off fungus, Fythium de Bar y mum. By 
roper care on the part of the grower diseased plants should not be 
mt away from an infected locality, and vice versa, he should be careful 
bout the introduction of nursery stock and plants from other localities 
lithout a careful inspection. The national and state quarantine 
sgulations are designed to help the grower in these respects, and he can 
eluse to purchase new plants without they are accompanied by a 
ertificate setting forth that these plants are free from animal and 
■i^gous diseases, Orton^ in two suggestive papers, has shown that 

^Bolley, H, L.: Cereal Cropping: Sanitation, a New Basis for Crop Rotation, 
lanuiing Tillage and Seed Selection. Science, xxxvii: 249-250, Aug. 22, 1913. 

^ Orton, W. A.: International Phytopathology and QuaranUne Regulation, 
bytopathology, 3: 143-15 1, June, 1913. The Biologicai Basis of International 
’^J^opathology, Phytopathology, 3 : 335-333, February, 1914. 
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tills problem is not only o! national, but of international and lott;, 
continentil importancer Tlicse pa^>eri^^ould be^ by every 
serious-minded student. 

Plant protection may be secured by the use of spraying materials! 
The principal rules to be observed in their use are: (i) the poisoner®, 
ployed must be sufficiently strong or concentrated to kill the parasite, 
but not sufficiently powerful to injure the host; (2) it must be applied at 
t£e right time, as suggested by a knowledge of the life history of the 
fungus, or insect in question. Such sprays may, therefore, be divided 
into two kinds,' viz,, insecticides and fungicides. Applications of these 
to healthy plants serve to protect the plant from the attacks of its 
fungous and insect 'enemies. Vast posabilities of controlling diseaa 
have been opened up by the treatment of seeds with hot water and otha 
substances before the seeds are planted. Prophylaxis is considered is 
connection with the subject of disease resistance in the next chapta 
on Practical Tree Surgery. 

'Me Cue, C. A: Plant Protection. Bull. 97, Del. Coll. Agric. Expet, StaL 
June 15, 1912; Rees, Charles C. and Macparlane, Wallace: A Bibliograpliytf 
Recent Literature Concerning Plant Disease Prevention, Univ. of El,: Agiic, 
Exper. Stat., Circular 183, May, 1915. 
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PRACTICAL TREE SURGERY^ 

The object of tree surgery is to repair the damage done to trees by 
various causes previously described (page 274)-. The prindples 
avolved in all such remedial work are the removal of all decayed, dis- 
ased, or injured wood and bark, the cauterization, sterilization, and 
,-aterproofing of the cleaned, or cut, surfaces, and the putting of the 
ree in a condition for rapid healing. Such treatment should be 
matched from year to year, so that any defects will receive immediate 
ttention. 

As the work requires the application of scientific principles, no 
Jtiorant laborers should be employed. The men who act as tree sur- 
;eons should have some knowledge of the structure of trees, their 
thysioiogy and their habits of growth, A knowledge of the general 
iriticiples of horticultural practice would not come in amiss, such as 
he tenets of grafting and pruning. Such workmen would be still 
letter prepared, if acquainted with the structure, growth and life 
lislories of the common destructive fungi arid insects. If a town or 
municipality is unable to obtain such skilled labor, then the appoint- 
ment of a superintendent, or town forester, who is acquainted with such 
mUers, should be made. Such a man should know the right thing 
:o be done and all the detaUs of the work. 

preventive Measures. — As means of preventing injuries to trees, 
various things may be done. The placing of an open tree box or fence 
)f iron, or wire netting, is important, because it protects the tree from 
the gnawing of horses and the rubbing action of passing vehicles, or the 
viciousness of street arabs. Proper attention to the insulation of 
telephone, telegraph and electric wires will prevent a lot of damage to 
shade trees. Electric linemen, unless properly supervised, have no 

' A detailed account of practical tree surgery by J. Franklin Collins will be found 
h the Yearbook of the United States Department of Agriculture, 1913; also con- 
iuItSro\E, George E.; Shade Trees, Characteristics, Adaptation, Diseases and 
Full. 170 Mass. Agric. Exper. Stat., Sept., 1916. 
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regard for shade trees, as they look upon them as obstacles to the 
prosecution of their work. Improper pruning, when large stubs are 



F[g. 128. — Properly treated area left Pig. 129. — Properly treated braDcls 
by branch removal. Scar beginning to scar' about three-quarters healed over, 
heal over by callus growth. {After {After Collins, F. L., Yearbook U. S. 
Collins, F. L., V. S. Yearbook Dept. Dept. A^rk., 191.^.) 

Agric., 1913.) 


left, is another source of danger to the tree, which with proper knowledge 



Fig, 130. — Cross-section of 7- 
[7year old blaze on a quaking aspen 
nearly healed over. {After ColUns, 
P. L., Yearbook V. S. Dept. Agric., 

1913-) 


can be safeguarded. There ate a 
thousand and one details which, if 
neglected, will work injury to the 
planted trees. 

Character of the Work . — ^Tree sur- 
gery consists in the removal of de- 
cayed or dead limbs from trees, the 
cutting off of stubs left by improper 
methods of pruning, and the treat- 
ment of scars, holes and cavities, so as 
to prevent decay and secure proper 
healing (Figs. 128, 129, 130). Ihe 
removal of branches from trees should 
be done in such a way as to pievent 
injury to the surrounding bark and 
cambium or active layer of growth* 


For this purpose, a saw, or gouge, a chisel, a mallet and a strong 
knife are essential. Where the branches are high above the ground, 
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ropi' and ladder are needed. The cuts should be made close to the 
aain tree trunk, so as to reduce the surface exposed to the action of 
he elements. ' Cut surfaces should be cauterized and water-proofed. 
The best antiseptic dressings are some of the creosotes, which destroy 
,nd prevent the growth of wood-destroying fungi, because it penetrates 
he wood better than a watery antiseptic. The antiseptic treatment 
dth creosote should be followed by painting the scar with coal-tar. 
,ead paint is sometimes more available. It is useful, but not as 
atisfactory, as a heavy coat of coal-tar. 

Cavity Treatment . — The removal of all decayed and diseased parts 
if the tree should be accomplished first by the use of gouges, chisels and 
craping tools. The use of the chisels is assisted by a wooden mallet, 
["hese cutting instruments should have keen edges for the cambium 
iiay be injured by dull tools. After properly clearing away all decayed 
the freshly cut surfaces should he treated with creosote and 
eavy coal-tar which should coat the surface of the sound and healthy 
btposed surfaces of the wood. The excavation should be so made as 
ft provide drainage at the bottom of the cavity, but the undercutting 
hould be done in such a way as to hold the filling material. Before 
he filling material is added to the cavity, it may be necessary to place 
ne or more bolts in position to hold the tree shell firmly together, 
ron rods and wire netting are also sometimes placed in the hollow to 
elp reinforce the concrete, or cement, when it is mixed and ready 
)r use. The tree surgeon learns by experience the best methods of 
rocedure in the use of bolts, wire netting and the placing of the filling 
ubstance. 

Mixing and Placing the Cement . — A good grade of Portland cement 
nd clean, sharp sand free from loam (i part of cement to 3 or less of 
and) should be used. The mixing can be done in a mortar bin, a 
'hcelbarrow, a pail, or in any other available receptacle. A mason’s 
at trowel and an ordinary garden trowel with a curved blade will be 
'nrnd convenient in placing the cement. A tamping stick, one or two 
ches thick and one to three feet long, according to the size of the cavity, 
ill be needed, also some rocks to help fill the cavity and a pail of 
Iter. As the cement begins to harden, the surface should be carefully 
loothed, so that it conforms with the general contour of the tree trunk. 
^Gietinies cloth, or wire dams are used. These are stretched across 
le opening and a more liquid cement is poured into the space behind 

21 
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Fig. 131. — Cement cavity fillings, showing different types and successive sta^ 
1, A large cavity in an elm filled with cement blocks separated by layers of tam 
paper; a patenfed process, 2, An excavated cavity ready for treating and 611^ 
3, The cavity shown in 2, which has been nailed and partly filled with cement. ^ 
ends of the rods for reinforcing the concrete are sprung into shallow holes in the 
The wire dam is sometimes allowed to remain embedded in the cement, thou^ 
is usually removed as soon as the cement has partially set. 4, A later stage ofts 
work shown in 3, The height of the wire dam has been increased. S« 
cavity shown in 2, 3, and 4, several days after the filling was completed, w 
Collins, F, L., S. Yearbook Dept. Agric., 1913.) 


PRACTICAL TREE SURGERY 


323 


the flam which is removed when the filling has hardened. Asphalt and 
aspbah mixtures promise much for the future, when the proper. methods 
of ii})piyii^g liquid asphalt have been discovered (Fig. 131). 

Defects in cement work are due to the use of cheap materials, 
carelessness in the mixing of the cement, splitting of the tree by the 
action of intense cold, dislodgment of the cement by the swaying action 
of the wind. Cracks appear in the cement, if the wood of the tree 
:ontracts away from the filling, or by the spread of the decayed tissue 
behind the cement work due to lack of care in excavating rotten wood 
]rior to the filling operation. These defects may cause lots of trouble. 

Metal-covered Cavities, —Sheet tin, zinc and iron have been used 
extensively to cover cavities. These coverings often serve to exclude 
-ain, fungous organisms and destructive insects for some time. If not 
)roperly applied, such tin-covered cavities are a greater menace to the 
,ree than open cavities. "K such covers are used at ah, the excavated 
:avity should be thoroughly sterilized and waterproofed. The metal 
s nailed fast with a light hammer and its center should be allowed 
0 curve outward, so as to conform to the general shape of the tree 
runk, The tacked edges should be as nearly air-tight and water- 
aroof as it is possible to make them, and this can be assisted by paint- 
ng the surface of the tin. Sometimes fumigation of the cavity is 
resorted to as an added precautionary measure. 

Where the tree is not of sufficient value to fill with cement, an open 
:leaned cavity may be left after cauterization of the cleaned wood 
surface and waterproofing. A layer of burned wood is sometimes a 
sufficient protective covering, if the burning is accomplished by one 

the blow lamps, such as painters use for stripping the paint off 
svoodwork . 

Guying , — Closely associated with the work of tree surgery proper, 
and often an indispensable adjunct is the guying of limbs to prevent 
the splitting of the crotches, or to check further splitting. Experience 
demonstrates the best methods of applying the hook bolts, chains or 
Dthcr braces to the trees to be treated. This varies so widely in dif- 
ferent trees that it is impossible to give specific directions for this 
kind of work. 

In conclusion, it should be stated that tree surgery can be under- 
taken safely at almost any season of the year, especially well when the 
sap is not flowing actively, and the weather is not too cold, to freeze 
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the cement, and destroy such expensive filling work. Most ornamental 
and shade trees having only a few dead limbs are unquestionably wortb 
attention. Others which have many dead limbs, or numerous decayed 
areas may not be worth the expense. Trees of large size, rare trees 
historic trees and trees which fill a peculiar place in the landscape art 
probably worth saving by the most expensive methods of tree surgery, 
if necessary. Another phase of tree surgery is the commercial side 
where ignorant men and tree fakers have undertaken to make a business 
of pruning and treating trees. The sad appearance of excessively 
pruned trees in all of our large American cities are living spectacles oi 
the zeal of such men, who should be driven out of the business, as they 
have in Philadelphia by the municipal authorities undertaking to do 
the work by the employment of skilled tree surgeons. 

Bailey, L. H.t The Pruning Book. The Macmillan Co., New York, 1907. 
Blaksslee, Albert F. and Jarvis, Chester Deacon: Trees in Winter. Their 
Study Planting Care and Identification. The Macmillan Co., New York, 1513, 
Collins, J. Franklin: Practical Tree Surgery. Yearbook of the United States 
Department of Agriculture, 1913: 163-190. 

Gaskili, Alfred: The Planting and Care of Shade Trees. 

Forest Park Reservation Commission of New Jersey, 1912, with papers on Insects 
Injurious to Shade Trees by John B. Smith and Diseases of Shade and Forest 
Trees by Mel T. Cook. 

Start, E. A. Stone, G. E., and Fernald, H. T.: Shade Trees. Bull. 125, Mas. 
Agric, Exper, Sta., Oct. i, 1908. 

It has been a matter of general knowledge that a disease may k 
controlled by a change in the time of planting, for with smuts the very 
different climatic conditions prevailing at the time of the various 
sowings have influenced the rate of infection. Early sowing of winter 
wheat has been found beneficial in the reduction of the amount of 
stinking smut, for wheat sown early in October showed no sign of infec- 
tion, while plants sown at the end of October were much attacked 
(about 60 per cent.) by the smut. . By experiment as a problem fn 
prophylaxis this matter of sowing as a means of controlling disease 
should be established for all of our im|)ortant cultivated crops. 

Then too, a study of the cells and tissues which protect 
against the entrance of insects and fungi is a matter of prophylactic 
interest. The .formation of cork, of bark, of callus, of how in response 
to the attack of fungi, the multiplication of protecting, or outer ceEs, 
is accomplished, should receive the attention of the student of 
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pathology* The presence of tannin and other protective chemical 
substances in the plant may explain immunity or non-immunity.^ 
Disease resistance and disease susceptibility are understood imper- 
iectlv- The determination of the cause of the inherent differences in 
the tendency of this or that variety to suffer from disease is a matter 
of great importance. Breeding for disease resistance is a promising 
held of research.^ Something has been accomplished along this line, 
but the amount which we do not know vastly exceeds the knowledge 
which we now possess. Rustproof varieties of wheat have been ob- 
tained. At the Ohio Experiment Station by selection of hills of 
potatoes that withstood attacks of the early blight fungus and planting 
tubers therefrom with subsequent repetition of this line of work, early 
blight resistant strains were secured. Progress has been made with 
cotton resistant to wilt and with musk melons resistant to leaf blight. 

Recently Jones and Gilman^, Wisconsin, have undertaken to con- 
trol the disease known as yellows caused by the parasitic soil fungus, 
pusarium conglutinans^ by breeding cabbage plants that show disease 
I resistance. By repeated selection of the occasional sound heads in 
ields of diseased cabbages, strains of winter cabbage of the Hollander 
ype have been secured which have proved in a high degree resistant 
igainst the attacks of Fusarium. The chances for research along these 
ines are practically unlimited and full of promise for the future of 
igriculture and horticulture. 

‘Cook, Mel T, and Taubenhaus, J. J.: The Relation of Parasitic Fungi to 
Lhe Contents of the Cells of the Host Plants, (i. The Toxicity of the Tannins) 
hull. 91, Del. Agric. Exper. Stat, February, igri. 

^ Orton, W. A.: The Development of Farm Crops resistant to Disease. Year- 
book, of the United States Department of Agriculture, 1908: 453 464. 

’ Jones, L. R. and Gilman, J. C. : The Control of Cabbage Yellows through 
Disease Resistance. Research Bull. 38, Agric. Exper. Stat. Univ. Wis., December, 
Norton, J. B.: Methods used in Breeding Asparagus for Rust Resistance, 
. S. Bureau of Plant Industry, Bull. 263, 1913. 



CHAPTER XXVI 

INTERNAL CAUSES OF DISEASE 

During recent years attention has been called to diseases which are 
evidently due to the action of an enzymCj^ or ferment in the plant 
which renews itself perhaps as a catalytic agent in the tissues of the 
host. As it is filterable through a Berkefeld filter, it may be a soluble 
enzyme pure and simple, or it may be one of the extremely minute 
ultra-microscopic organisms to which attention has been called recently. 
All the evidence seems to point to its enzymatic nature. Such 
are caused by the excessive activity of the oxidase and peroxidase 
enzymes in the plant and the loss of function of catalase, another en- 
zyme, which carries off some of the residual products of the others 
mentioned. Such diseases due to a Contagium vivum fluidum affect a 
number of plants, notably the tobacco, and all of these diseases seem 
to be more or less related, as to their nature and origin. Recently 
Kuster in the second edition of his “Pathological Plant . Anatomy” 
(1916) has grouped many of the enzyme-produced conditions under 
the head of “Panaschiering.’’ He distinguishes several types. The 
first is when the green parts contract sharply under the pale parts. 
Under this head he considers: (a) marginal panaschiering, when such 
terms as dbo-margimtis” would be applicable, as in such cultivated 
plants as Pelargonium zonale, Hedera helix and Weigelia rosea, (i) 
In sectional panaschiering, the white and the . green colors are dis- 
tributed sectionally over leaves and stems, as in Ckamaecyparis pi- 
fera plumosa argentea. (c) He distinguishes marbled and pulverulent 
panaschiering. His second group includes cases where the border 
between green and pale parts is not sharply marked and this group 
includes (a) Zebra-panaschiering, as in the banded leaves of EidaHa, 
and (6) flecked panaschiering, where white specks are distributed over 
a green background and blend with it. It is clear that “Mosaic,” 
“Brindle,” “Calico’’ or “Mottle Top” of tobacco is a physiologic, 
not a fungous or bacterial disease. 
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It is infectious, and to a certain extent contagious. As calico is an 
important disease of tobacco and tomato a description of it in these 
plants will serve to show what enzyme diseases are like in general. 
Xhe leaves present a mottled appearance, being divided into smaller, or 
larger, areas of light-green and dark-green patches. In the tomato, the 
light'green areas become yellowish, as the disease progresses, and in 
very badly affected plants become finally purplish-red in color. The 
leaves are much distorted, stiff, and badly curled. It attacks other 
plants, notably the poke weed. Phytolacca decandra, ragweed, Am- 
hmia artemisiafolia, Jamestown weed. Datura stramonium. It is 
probable that peach “yellows, ” aster “yellows-” are more or less similar 
to the true “ mosaic. ” Calico is primarily a disease of the green color- 
ing matter (chlorophyll) of the infected plants; hence it disturbs the 
normal nutrition of the plant. To this destruction of the chlorophyll 
the name of chlorosis has been given and calico is, therefore, a state of 
chlorosis. The contagious nature of calico is shown by experiments 
which prove that it can be communicated at least in some cases by 
mere contact of calicoed plants with the healthy. Juice on the hands 
from calicoed plants when handling disease-free plants will spread the 
disease in nearly all cases, and this infection is due to the chlorotic juice 
on the hands of the experimenter. Chlorosis, or calico, usually takes 
ten to fourteen days to make its appearance after infection and a plant 
once infected remains permanently so, and all new growth usually 
becomes calicoed. Calico, or mosaic, can be transferred to other species 
and varities of Nicotiana than the common N. tabacum, also to potato, 
egg plant, peppers, petunia, etc. The dried leaves of calicoed tobacco 
retain their power of infection for at least a year or two, to some degree, 
but if wetted they lose this power. The virus, if it is permissible to 
use this word, can be apparently extracted from calicoed leaves by 
ether, chloroform and alcohol without destroying its infectious qualities, 
Bunzel has measured the oxidase content of plant juices, because of the 
importance of oxidase in chlorotic diseases of plants, in their causal 
relationship to color production in plants, their importance in the dark- 
ening of tea and in the production of the smooth, black and hard 
lacquer of the Japanese, from the white, fluid, soft secretion of the 
lacquer tree, Rhus vernicifera. The literature on oxidizing enzymes 
IS a copious one. The following papers and books can be consulted, 
as well as the bibliography which each includes: 
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Bunzel, HEitBEET H. ; The Measurement of the Oxidase Content of Plant 
Bull. 238, Bureau of Plant Industry, U. S. Dept. Agric,, 1912. 

Chapman, G. H.: Mosaic and Allied Diseases with Especial Reference to Tob^tco 
and Tomato. 25th Annual Report Mass. Agric. Esper. Stat, rgr3; 
Clinton, G. P.; Chlorosis of Plants with Special Reference to Calico of Tohatfo 
Report Conn. Agric. Exper. Stat., New Haven, 1Q14: 357-424, with 8 plate? 
Kastle, J. H.: The Oxidases and other Oxygen Catalysts concerned in Biological 
Oxidations. Bull. 59, U. S. Hygienic Lab., igio. 

Kxebahn, Professor Dr. H.; Grundzuge der Ailgemeinen Phytopatlioiogie 
1912: 124-127. 

Woods, Albert F.; Observations on the Mosaic Disease of Tobacco. Bull, ig, 
Bureau of Plant Industry, U. S. Dept. Agric., 1902. 

Nutritive disturbances may also be included as internal cau.ses of 
disease. If for any reason, such as the inability of the living cells of 
the root to take up water through a change in the osmotic power of tlie 
protoplasmic membrane of the root hair cells, the leaves abot^e 
to active transpiration cannot secure sufficient quantities of wafer 
and the whole plant wilts. A disturbance in the formation of stardi 
in the chloroplast results in a deficiency of the plastic carbohydrates, 
and the active cells of the cambium during this period of starvation 
form less wood and, therefore, fewer conducting vessels. This reacts 
on the tissues everywhere in the plant by reducing the available water 
and food and, therefore, the plant is dwarfed and perhaps sidly. 
Intumescences are trichomatous outgrowths not associated witli 
insects or fungi which are due to some disturbance of the balance 
between transpiration and assimilation. 

Mutations which result in the sterility of an annual species woul^ 
lead to the extinction of the plant with such non-seed production. 
(Enothera albida is a pale-green, rather brittle and very delicate form 
with narrow leaves; never attaining anything like the height of ff. 
Lamarckiana. It bears pale flowers and weak fruits which contain 
little seed. It appears every year in most of de Vries’s cultures in 
larger or smaller numbers. The plants are so weak that de Vrie> 
imagined them to be diseased,^ and after much difficulty he secured 
seeds from them. Enough has been given on these points to show tliat 
mutations may be along the line of plants constitutionally weab 
The absence of amygdalin and prussic acid in the Sweet Almond 
may make such* a form more susceptible to disease, as also the absent 
of quinine from cinchona trees kept in European hot houses. 

^DE Vries, Hugo: The Mutation Theory (English edition), I: 229, 1909. 
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Malformations and Monstrosities 

Hugo de Vries has shown that malformations and monstrosities 
do not arise as a result of variations, but may be looked upon as muta- 
tions. His tricotylous, hemisyncotylous, syncotylous, and amphi- 
syncotylous races are proof of this statement. Fasciation in its 
simplest form consists of a flat, ribbon-like expansion of stem, 
branch, flower clusters, flowers and fruits which may be cylindric 
below, but flattened above. This is one of the most common of all 
malformations and by numerous experimental cultures the fasciation 
has been found to be heritable. Spirally twisted plants are more 
striking malformations than fasciations. Valeriana officinalis is 
one of the best-known examples displaying spiral torsion. It is also 
displayed in a teasle. Dipsacus sikestris tarsus, twisted sweet william, 
Dianlhus harbatus, dark-eyed Viscaria, Viscaria oculaia. Such mal- 
formations de Vries has shown to be truly heritable. Pleiphylly is 
that condition where two or more leaves arise in place of a single one. 
Such we find in the ever-sporting races of clovers, where four, five, 
six, seven, or even eight leaves appear instead of the normal three. 
The presence of three leaves in a whorl, or of three cotyledons, as above 
noted, is called polyphylly. Shull has shown that the ascidial 
leaflets of the white ash, Fraxinus americams, are heritable. Pistil- 
lody is demonstrated in the appearance of imperfect pistils in place of 
stamens, as in the poppy. When colored flower parts become green, 
this condition is known as antholysis, or chloranthy, and is illustrated 
in green roses and green dahlias. This condition and petalody and 
sepalody are transmitted. Peloria, where a normally zygomorphic 
flower, as in the toad-flax, Linaria vulgaris, is transformed into a regular 
flower with five spurred petals instead of one spurred petal, is 
another example of monstrosities which are heritable. 

The history of Cytisus Adami which originated as a graft hybrid 
is of interest in connection with the study of Chimaeras. Hybrids that 
arise by vegetative reproduction, where scion and stock are mutually 
affected, are known as graft hybrids. The origin of Cytisus Adami 
seems to have been as follows: a shoot of Cytisus pur pur em was 
grafted on a stock of Cytisus laburnum; from this were produced many 
shoots, one of which grew vigorously, and developed larger leaves 
than those of C. purpureus and from this shoot plants were propagated 
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constituting Cyiisus Adami. It was found, that on flowering^ 
form had dingy red flowers. Winkler believes that graft hybrids and 
chimaeras are the result of the process by which cells of two distinct 
kinds or spedes are united vegetatively instead of by sexual methods 
and that this serves as the point of departure for an organism which in 
a single growth shows bound together the peculiarities of both species. 
Hence, a graft hybrid is a complex chimaera. Baur thinks that the 
union between Cratmgus and Mespilus {Cratcegomespilns) is a pcriclinal 
chimsera, and refers this and the graft hybrid to the development of a 
mixed vegetation point, where the periclinal chimaera originates in 
the development of an apical region with' a periclinal arrangement 
of cells. ^ 

Branches of shrubs and trees originate as mutants with a different 
combination of characters than the rest of the shrub, or trees. Such 
mutants probably arise in the change of some single cell. The shoot 
which arises from tissue formed by mutating cells develops into 
something new which is called a bud variation, or sport variety. If 
the shoot arises from the mutating cells alone, then the resultii^ 
shoot will consist only of the new cells and the sport can be propagated 
true without any reversion. If the tissue which gives rise to the shoot 
combines both old and new cells, then there arises a mixed branch, 
which is known as a “sectorial chimaera.” Citrus treess how such 
sectorial chimseras” not infrequently when a Valeilcia orange tree 
bears typical Valencia oranges and a small rough and worthless muta- 
tion. A twig here and there produces oranges in which certain sectors 
of the fruits show mutant tissue,^ forming what may be called mixed 
oranges. These have probably arisen because the mutant tissue is 
scattered or mixed with fhe tissue of the original form thus constituting 
a “hyper chimaera.” 

“Mutations often occur in the cells which begin the formation of 
the minute ovaries in the blossom buds. As the ovary grows in size, 
the mutation appears as a sector of the fruit which differs in color, 
ripening season, or thickness of skin from the rest of the fruit. Such 
curious fruits have been called spontaneous chimaeras” (Coit). 

^Winkler, H.: Uebei Pfropfbastarde und Pflanzliche Clumaren. Ber. 
Bcutsch. Bot. Geseiisch., 25: 568-576, 1907; Baur, E.; Pfropfbastarde, PeriklinsI 
chimaren und Hyperchimaren, Do., 27: 603-605, igog. 

®CoiT, J. Eliot: Citrus Fruits, 1915: 121-122. 



CHAPTER XXVII 

CLASSIFICATION OF PLANT ABNORMALITIES 

The older botanists prior to the publication of the important work 
,){ Maxwell T. Masters in 1869 gave little attention to abnormalities in 
plants, Linnaeus treated oi them to some extent in his “ Philosophia/’ 
but it is mainly to Augustin Pyramus de Candolle that the credit is 
due of calling attention to the importance of vegetable teratology, as 
throwing light upon normal structure and functions. Until the epoch- 
making work of de Vries on plant mutations drew attention to the 
absolnte necessity of experimental methods in the study of normal and 
teratologic plants, the field of vegetable teratology was the concern of 
the plant morphologist and the different abnormalities were studied by 
comparative morphologic methods, Hugo de Vries and several of 
his co-workers pointed out that many abnormal forms are heritable and 
this suggested that the line of approach in their study was through 
experiments in breeding these forms to. discover their origin and 
true character. This has been done with a few forms, but the whole 
field should be Worked by some competent geneticist, who would devote 
his life to the undertaking. Without further discussion, it has been 
ihought advisable to put in a form accessible to American college 
itudents, a glossary of the more important terms used in teratology. 
IVith the exception of a few additions the terms given in first volume 
of "Pflanzen-Teratologie” (1890) by Dr. 0 . Penzig are here translated 
from the original, as serving- as an outline of teratology for American 
students. 

Abortion (Masters and English authors; Abortus, German Avortion 
or Amtement, Frenchl-^S tun ting of an organ, that is the exceptionally 
small formation of the same, whereby the form remains unchanged. 
The German and French authors use the same expression very fre- 
quently for the cases where a certain organ is entirely suppressed and 
docs not make an appearance. 

Acaulosy.-^Acaulosia is the diminution in the size of the stem, for 
absolute suppression of the stem, as the terms acaulescent and 
831 
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acaulosia would signify, is an impossibility in a typic plant. The term 
is purely a relative one. 

Acheilary (Ch. Morren).— The suppression of the labelium in such 
flowers as the Orchidace.®. 

Adesmy (Ch. Morren).— Congenital separation of organs whkli 
are normally united together, therefore, often included as atavism 
Morren distinguishes between homologous adesmy as the separation 
of members of one whorl and heterologous adesmy the separation of the 
members of one whorl from those of another. 

Adenopetaly. — Formation of a nectary in a former nectarless petal. 

Adhesion. — Normally used for the union of parts of different whorls 
in the flower, for example, the union of a sepal with a petal, or of a 
stamen with a carpel, and also for fusion in general (of a branch willi 
the main axis, of a leaf with a branch, etc.). 

Adherence (Moquin-Tandon).' — Fusion of organs which normally 
are separate. 

Anaeretic (Schimper, 1854).— Under joliatio ancereiica, C. Schimper 
obviously understood the abnormal arrangement of leaves on an axis 
in a single row, a condition sometimes produced by a torsion, or twisting 
of the axis. 

Antherophylly (Ch. Morren). — Formation of anthers upon leal 
blades. 

Anthesmolysis (Engelmann). — Central or lateral metamorphosis 
of an inflorescence, especially of heads as in the Di space® and 
Composite. 

Antholysis (Spenner in Flor. Friburg). — A solution of flowers, 
particularly applied to the condition in which the axis becomes elongated 
and the flower whorls separated from each other. 

Aphylly. — The condition of the plant in which leaves are suppressed. 

Apilary (Ch. Morren). — Suppression of the upper lip in normally 
bilabiate flowers, as in Calceolaria. 

Apogamy. — Vegetative reproduction of plant individuals instead 
of by the usual method with sex organs, especially used with reference 
to ferns where the antheridia and archegonia are suppressed or not 
functional, the young plant arising directly from the prothallium. It 
is also used for the non-sexual formation of embryos in the embryo sac 
of the phanerogams. 

Apophysis. — Vegetative, central proliferation of an inflorescence. 
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Apostasis— The monstrous disunion of parts normally united as 
in the elongation of a flower axis, as a result of which the whorls are 
transfornied into spirals. One, however, uses the term for the- sepa- 
ration of single floral phyllomes, for example single sepals from the 
falycine whorl. 

Atrophy. — Wasting away; degeneration of organs; abortion. 

Autophyllogeny (Ch. Morren).--The budding of one leaf from 
another, as from the midrib. 

Balance Organic (Moquin-Tandon).— One uses this expression for 
cases that by atrophy of single organs of a plant is compensated by 
hypertrophy of others. 

Biastrepsis (C. Schimper). — This is analogous to the torsion, or 
twisting of other authors. 

Blastomany (A. Braun). — Abnormal tendency of single plant 
individuals to develop an unusual number of leaf buds (axillary or 
adventitious). 

Calycanthemy (Masters).— Transformation of sepals to petaloid 
structure. 

Calyphyomy (Ch. Morren), — Adhesion of one or all of the sepals to 
the back of the petals. 

Cenanthy (Ch. Morren). — = empty + du0os - flower: Abor- 
tion, or suppression of the stamens and pistils of a flower, leaving the 
perianth empty. 

Ceratomany. — Abnormal formation of horn-like, or hooded, fre- 
quently nectariferous structures in a flower. Clos has employed the 
same term for the increase in the spurs in many families (Orchiuaceac). 

Chellomany (Ch. Morren). — The doubling of the Up, or labellum, 
in orchids, as in Orchis morio. 

Chloranthy.— The transformation, or change of all or most of the 
floral parts into leaf-like green parts; frondescence. 

Chorisis. — The separation of a leaf or phylloid part into more than 
one; dedoublement, doubling. 

Cladomany. — An abnormally richly branched plant. 

Cohesion. — A union between the members of one and the same 
whorl (particularly in flowers), or between the parts of a composite 
organ. 

Coryphylly. — An abnormality in which a leaf ends the axis. This 
loaf is sometimes colored. 
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Crateria. — C. Schimper uses this term for a leaf blade which de- 
velops asd(iia> as the ascidial white ash discovered by George H. Sluill. 

Cyclochorisis (Fermond). — Division of an axial organ in twodhec- 
tions, so that in place of a simple axis there arise whole dusters o( 
secondary axes. 

Dedoublement (chorisis, doubling). — Congenital division of an 
organ in which several parts arise out of a single primordium. Lateral 
and serial dedoublement are distinguishable. 



Fig. 132. — Twin cherries due to dialysis, or disjunction, of the pistil of the flower 
into two carpels, each of which matures into perfect drupe joined at the base witli 
its fellow. Philadelphia. Market, May 25, tgtd. 

Deformation.— A malformation, or alteration from the normal 
kind. A general expression for the irregular formation of an organ, 
or a complex of organs. 

Degeneration (Masters).— Stunted formation of an organ will 
which changes of form are associated. An alteration for the worse. 

Dialysis (Ch, Morren, Masters). — The separation of parts normally 
in one, especially parts of the same whorl. Scarcely distinguishable 
from adesmy (Fig. 132). 

Diaphysis (Engelmann). — A central proliferation of flowers. If 
the flower axis elongated beyond the carpels bears another flower, we 
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speak of Diaphysis floriparons; if leafy shoots arise, it is Diaphysis 
j^fffidiparousr ii a cluster of flowers, it is known sls Diaphysis 

Diplasy (Fermond).-~The division of an axial organ into two 
parts, 

Diremption. — The occa^onal separation, or displacement of leaves. 

Diruption.— A term used by Germain de St. Pierre for difierent 
appearances (division of leaves, axes, fasciation). 

Discentration (C. Schimper).~A term applied to fasciation of an 
axial organ, but used occasionally for the multiple division of a 
phyllome; 

Displacement (Masters). — The abnormal position of a plant organ. 

Distrophy (Re). — The dissimilar formation of the homologous 
organs of a plant. 

Divulsion (St. Germain de Pierre). — See diruption. 

Ecblastesis (Engelmann) .—Lateral proliferation, that is bud for< 
mation in the axils of flower parts (sepals, petals, stamens or carpels). 
There can be distinguished fioriparous, frondiparous and racemiparous 
kinds of ecblastesis. 

Enation. — The formation of excrescences of different kinds on the 
upper surface of other organs. We find scales projecting from petals, 
imall lamina on foliage, leaves, etc. 

Epanody (Ch. Morren). — Abnormal reversion of an organ to a 
ampler form than it normally shows. 

Epipedochorisis (Fermond). — A manifold division of an axiat 
organ in one plane. Frequently not distinguishable from fasciation, 

Epistrophy (Ch. Morren) .—A reversion of an apparently constant 
monstrosity to the normal form of single organs, for example, the 
development of branches with normal leaves in place of those with cleft 
leaves. 

Etiolated. — Blanched, or lengthened abnormally by the absence of 
light. 

Expansivi^. — A term used by Germain de St. Pierre with a similar 
sense to Diruption and Divulsion. 

Easciation (Olaus Borrich, 1671).— A flat band-like, or ribbon-like 
expansion of a normal cylindric axis, or stem, associated with departure 
from the normal leaf position. If flowers are developed they are 
generally altered in structure (Fig, 133). 
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Fission. — A division of a normally, simple organ. 



Fig. 133. — Fasciated stem and fruits o 


Frondescence “The prolifer, 
ation of a normally reduced petal 
to a foliage leaf with lamina. 

Gamomery (Engelmann).- 
The condition in which the 
normally distinct petals are 
united into a gamopetalous 
corolla. 

Gemmiparity,— The condtiun 
of leaves which develop adventi- 
tious buds. 

Gymnaxony (Ch. Morren).- 
The condition in which the 
placenta protrudes through the 
ovary of the flower. 

Gynophylly (Ch. Morren).— 
The transformation of a carpel 
into a foliage leaf. Phyllomor- 
phy of the ovary. 

Hemitery. — An abnormality 
of elementary organs^ or of axial 
appendages. 

Heterogamy (Masters).— An 
alteration in the position of the 
sexual organs. 

Heteromorphy (Masters) 
Irregular formation of an organ. 

Heterotaiy. — This <erm is 
used by Masters for the cases in 
which a new organ, or structure, 
appears in unusual places, as leaf 
buds and flower buds on a root. 
Later authors (Freyhold) use the 
word in an entirely different sense 
£ for the inversion of the floral plan. 


the poppy (Papawr). {Dramng by Alice M- HomOtVOV. — The dcvelop- 

Russell.) ^ 

raent of an organ, or 01 any 


structure in the same place, where normally another one originates. 
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Hypertrophy. — An abnormal largeness, strong formations of any 
ilanl part. 

Idiotery.—A monstrosity by which a plant departs from the normal 
ype and from all of its related forms. 

Lepyrophylly (Ch. Morren). — The transformation of the integu- 
ments of the ovule into scales, or leaves. 

Meiophylly.— The diminution in the number of leaves in a whorl, as 
ompared with those of the preceding whorl. 

Meiotaxy. — The suppression of entire whorls. 

Metamorphosis. — The transformation of an organ into another one, 
hat is morphologically equivalent to it, but it may be has a wholly 
liffcrent appearance and other functions. 

Metaphery (Ch. Morren).— The displacement of organs, as when 
ilternate become opposite. 

Metastasis (Moquin-Tandon). — The shifting of an organ to some 
inusual position. 

Mischomany (Ch. Morren). — An increase in the number of pedicels 
ir the branching of the inflorescence, as in Muscari comosum. 

Monosy (Ch. Morren). — Separation of floral parts from one another 
fith which they normally are in Cohesion, or Adhesion. The abnormal 
iolation of parts due to a desmy or dialysis. 

Multiplication. — The division of an order into many homologous 
larts. 

Oolysis. — A greening (viridescence) which shows conspicuously 
a the carpels and ovules of the flowers. 

Peloria (Linnseus). — The radial (actinomorphic) regular formation 
f a normal zygomorphic (irregular) flower. 

Periphyllogeny (Weinmann).— The formation of numerous leaflets 
bout the border of a leaf blade. 

Permutation (De Candolle)'. — An enlargement of the floral envelopes 
-ith corresponding abortion of the sexual organs. 

Petalody.^ — The metamorphosis of stamens, or other organs into 
etals with their usual form, color and consistence. 

Petalomania. — An abnormal multiplication of petals. 

Phyllocally (Lemaire). — The budding of new leaflets on the surface 
f foliage leaves. 

Phyllody (Masters). — The appearance of foliage leaves in place of 
oral ones. 
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I^yHomania. — An abnormal production of green leaves. 

Pistillody — The transformation of floral parts into carpels. 

Pleiomorphy (Masters). — An abnormal or excessive development. 

Pleiophylly (Masters). — The appearance of many leaves in place of 
a single part. 

Pleiotaxy (Masters). — The increase in the number of whorls in a 
flower. 

Pleslasmy (Fermond). — An abnormal shortening of the stem inter- 
nodes, so that the leaves are arranged closely together, 

PoUaplasy (Fermond). — The division of a theoretic simple organ 
into many analogous structures. 

Polyclady. — An unusual development of branches and twigs. 

Polyphylly. — The abnormal increase in the number of parts of the 
floral whorls. 

Prolification.— 'This term is used with a number of diffeTtnt 
meanings. One is the central, or lateral, outgrowth from a flower, or 
an inflorescence. The different kinds are designated as median, axil- 
lary, extrafloral, while each kind is again divided into foliar and floral, 
depending upon the nature of the adventitious bud. The axillary 
prolification is known as ecblastesis (Engel mann) and the median as 
diaphysis. 

Rachitism (Touchy). — Hypertrophy of the floral envelopes, as in 
JuNCACE^, Cyperace^, Graminace^. 

Recnidescence.—The production of a leafy, or flowering, shoot from 
an axis of inflorescence after the formation of ripe fruit on that axis. 

Rhizocallesy (Ch. Morren).— The union of two plants of the same 
species solely by their roots. 

Salpinganthy (Ch. Morren).— The transformation of ligulate or 
ray florets of Compositae into conspicuous tubular florets. 

Scyphogeny (Ch. Morren). — The formation of ascidia from leaf 
blades. 

Sepalody.— The transformation of petals into sepals, or sepaloid 
parts. 

Solenoidy. (Ch Morren). — The metamorphosis of stamens into 
tubular structures. 

Solution (Masters).— Abnormal separation of the members of a 
whorl from those of another (similar to the Adesmia helerolo^ovs of 
Morren). 
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Sph«rochorias (Fermond).— Multiple division of an axis in all 
iitecuons producing a witches’-broom-like arrangement of branches. 

Speiranthy (Ch. Morren).“-The anomalous condition in which the 
lowers develop into a twisted form. 

Spiroism (Ch. Morren) — An elongated snaiMike development of 
in organ. 

Staminody. — The transformation of a petal into a stamen. 

Stasimoiphy (Masters). — The arrest in the development of an 
organ, or an organ complex, and the stoppage of development at a lower 
slagc. 

Stesomy (Ch. Morren) .—A term with similar usage to stasimorphy. 

Strophomany (Schimper). — A term used in the same sense as 
biastrepsis for twisting, or torsion. ^ 

Suppression. — The complete abortion of an organ. 

Synandry.— The abnormal unkm of stamens. 

Synanthy .-^Lateral union of two or more flowers. This condition 
:an arise in a number of ways; for example, by the approach and fusion 
ii two floral fundaments, or through the partial forking of a receptacle, 

through floriparous ecblastesis, etc. 

Synanthody. — I..ateral union of two floral buds on the same stalk, 
ir on two peduncles which have become fascia ted. 

Syncarpy. — ^Lateral fusion of two or more fruits. This condition 
s the natural result of synanthy. 

Synophthy (Ch. Morren).— The union of two leaf buds, or foliage 
shoots with each other. 

Synspermy.' — The fusion of several seeds, 

Taxitery (Gubler).— A modification which is so slight that it admits 

tompanson witlu the nornial form. Coniiast Idioltry. 

Torsion.— A spiral twisting, or bending, or parts or organs. 

Triplasy (Fermond). — The separation of an organ into three analo- 
I gous structures. Trifurcation. 

Virescence. — The abnormal development of flowers in which all 
organs are colored green and more or less wholly transformed to small 
foliage leaves. If the metamorphosis is complete, there result foliage 
kaves with distinct lamina and this condition is known as frondescence. 

In concluding this glossary of teratologic te^ms, it might be well 
lo add that a recent work on plant teratology has appeared. It is 
designed to bring our knowledge up to date. The first volume of 
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WorsdeU’s^ “Principles of Plant Teratology^’ includes a consideration 
of the fungi and bryophytes as non-vascular plants and with vascular 
plants he goes as far as a consideration of the teratology of roots, stems 
leaves and flowers. It is issued by the Ray Society, as was that o{ 
Maxwell T, Masters in 1869. 

^WoTiSDELL, Wilson Ceosfield: The Principles of Plant Teratology, vol. j 
London, printed for the Ray Society, 1915; vol. ii, 1916. 
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SYMPTOMS OF DISEASE (SYMPTOMATOLOGY) 

The preceding pages have dealt with the causes of plant diseases, 
that is their etiology. It remains to discuss the symptoms of disease 
as that is a very important matter in deciding as to the nature of the 
disease, and the harm that the various diseases may do to our agri- 
cultural crops. It is easy to determine that there is something wrong 
with the plant, because such well-known symptoms as withering, 
as yellowing, as abnormal growth are evidences of it, but it is quite 
another thing to decide as to the specific nature of the disease, its cause 
and probable amelioration. Even to the trained plant pathologist, it 
is not an easy problem to decide what the trouble is. It requires some- 
times two or three years of research work with all the refined. methods 
of modern science to reach a satisfactory conclusion, and at times even 
then the solution is baffling. To call a pathologist, or a botanist, an 
ignoramus, because he cannot by a study of the symptoms name the dis- 
ease, is unworthy of people who claim to be cultured, and yet it fre- 
quently happens that the farmer’s opinion of the book scientist is based 
upon just such a flimsy pretext. General conclusions arc reached in 
this field of inquiry, just as in other fields, by the process of exclusion. 
The pathologist puts questions to himself about the plant and gradually 
he eliminates the impossible conditions, gradually narrowing himself 
down to a few possibilities. For example, he might ask himself 
whether the cause of the disease is external or internal. If external, 
then whether it is due to climate, to animals, or plant parasites. If 
plant parasites are concerned, then are they flowering plants or fungi. 
We will suppose that he finds that the disease is of fungal origin. Then 
with the cultural means at his disposal, the fungus must be obtained 
in pure culture, and its pathogenicity tried out upon healthy individuals 
corresponding racially, or specifically, with the diseased’ ones. If the 
inoculation of the healthy host is successful, then the recovery of the 
iuagus from the tissues for comparative cultural study will follow. 

341 
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Knowing the specific fungal organism, a great stride has bom 
toward a comprehensive knowledge of the disease. 

The plant pathologist, who would be successful in his professioa 
must be acquainted with the normal, or healthy, conditions of phjjfj 
or how can he study the unhealthy states? Any departure from th 
healthy state is indicated by a certain behavior of- the plant, or reat 
tion to the causes of disease and certain peculiarities of structure, fora 
and color are also manifested. An investigation of these character 
is tics of disease concerns symptomatology. The most common symp 
toms of plant diseases may be classified according to the outline prr 
sen ted by Heald in Bulletin 135 of the University of Texas, Nov. 15, 
1909, entitled “Symptoms of Diseases in Plants.” 

1. Discoloration or change of color from the normal. 

{a) Pallor. Yellowish or white instead of the normal green. 

(b) Colored spots or areas on leaves or stems. 

Whitish or gray: mildews; white rusts, etc. 

Yellow: many leaf spots. 

Red or orange: rusts, leaf spots, etc. 

Brown: many leaf spots. 

Black: black rust, tar spots, etc. 

Variegated: leaf spots, etc. 

2. Shot-hole: perforation of leaves. 

3. Wilting: “damping-off,” “wilt,” etc. 

4. Necrosis; death of parts, as leaves, twigs, stems, etc. 

5. Reduction in size: dwarfing or atrophy. 

6. Increase in size: hypertrophy. 

7. Replacement of organs by a new structure, 

8. Mummification. 

9. Change of position. 

10. Destruction of organs. 

11. Excrescences and malformations. 

Galls: pustules, tumors, corky outgrowths, crown galls, etc. 
Cankers; malformations in the bark generally resulting in an ope 
wound. 

Punks or conchs and other fruits of fleshy fungi. 

Witches’ brooms. 

Rosettes and hairy root. 
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12 . Exudations. 

Slime flux. 

Guiumosis’. especially for stone fruits, 

Resitiosis; especially for coniferous trees. 

13. Rotiiiig: 

prv rot and soft rot: “the gangrene’^ of plant tissue. 

Root rots: alfalfa, cotton, beets, cherry, etc., generally woody or 
fleshy roots. 

Stem or trunk: dry rot of trees; rot of modified stems like rhi- 
zomes, bulbs, or tubers. 

Buds. 

Fruits: fleshy fruits of various kinds. 

It will be profitable to discuss the symptoms of disease under the 

heads. 

I, Discolorations.— Tht unnatural, or false color which plants 
assume under diseased conditions may be included under the head of 
discolorations. Sometimes, as in woods, the discoloration may appear 
as a stain. Abnormality of color usually accompanies other symptoms 
of plant disease. Pallor, or chlorosis, where the plant assumes a yellow- 
ish to white, or sickly-pale hue, is due to a number of causes. Promi- 
nently, one form is due to the absence of light, whereby the plant be- 
comes etiolated, or suffers etiolation. It is considered that the laying of 
tt'heat and other cereals is one form of this etiolation where, through 
lack of carbohydrates, the cellulose which forms the strengthening of the 
cell wall does not form properly. Sometimes the gardener induces 
etiolation in his celery, endive and asparagus plants, where the blanch- 
ing is secured by covering such plants with soil True chlorosis is due 
to an enzyme which destroys the chlorophyll i>igraent of the chloroplasts 
which are fully developed. Icterus is the condition where the organs 
are only yellow; chlorosis y where they are white, such as in the mosaic, 
nr calico disease of plants formerly described. Yellowing may be in- 
duced experimentally by an excess of carbon dioxide, in fact yellowing 
accompanies wilting, the attack of wire worms, the presence of poisons, 
or acid gases. 

Variegation and albinism may be apparently normal conditions of 
some varieties of plants, for gardeners and horticulturists grow such 
plants by preference for decorative uses. This variegation, or albinism, 
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is induced in ail probability by the presence of oxidizing enzymes 15 
patches of cells where the chlorophyll pigment is destroyed and not^ 
other adjoining areas. 

The formation of spots on leaves (Fig. 134), stems, flowers, or fruit^jj 
due to a variety of causes. The grayish or whitish spots on the under 
surface of grape leaves are due to mildews, on the stems of cruciferous 
plants to white rusts and on the leaves of the parsnip are found 
spots due to a fungus, Cercosporella. Grayish spots on the prickly pear 



Fig. 134. — -Apple leaves showing leaf spots produced by natural infection with 
Spkaerapsis malorum. {After Scoti, W. M., and Rarer, J. B., Bull. 121, V. S. Bmu 
of Plant Industry, 1908.) 

and on the leaves of the box trees are occasioned by a disease known as 
anthracnose. Many leaf spots are yellow as in violets, oaks, cucumbers 
and melons. The red or orange spots on plants usually suggest the 
presence of rusts as on wheat, rye, alfalfa and a host of other cultivated 
and wild plants. The so-called tar spots of the maple leaves are black 
in color and such discolorations of the leaf surface arc traceable to the 
attack of a fungus, Rhytima acerinum. Apples are frequently marked 
by fly specks which are usually clustered as small circular black spots. 
A fungus is the causal agent. 
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2, Shot'koks (Fig. 135),— The perforations of leaves and the forma- 
tion of what are called shot-holes illustrate another form of fungous 
attack, where circular patches of dead tissue killed by the fungus drop 
out leaving a hole. The English morello cherry trees in some sections 
of our country have been killed during the past few years by this “shot- 



JG. 135. — Shot-hole disease of the plum due to Cylindrosporium padi. {After 
Ueald, F. V., Bull. 135 tScL Ser. 14), Univ. of Tex,, Nov. 15, ipop.) 


jle” disease. When the funguses belonging to the genera Cercospora 
id F.kylhstiCta attack the leaves of Virginia creeper perforations may 
^ formed. 

3. Wilting in gcnetal is due to the lack of sufficient water 

' supply that lost by transpiration, for wherever the amount of water 
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transpired exceeds that absorbed by the roots wilting occurs. Wilting 
may result, if the normal ascent of the sap is interfered with by t[i^ 
growth of fungi into the water-conducting tissues, the entrance of bac- 
teria into the woody vessels of the plant, whereby they are literally 
plugged with such organisms, or some injury which cuts off the asceni 
ing current of water. Damping-off is a form of wilt in which an oomy. 
cetous fungus enters the collar of seedling plants, or where a Rhizoctonia 
species invests the roots of the growing plants and interferes with tlie 
regular water absorptive processes. 

4. Necrosis. — Necrosis is the mortification, or death, of the tissues. 
The term is usually applied to the death, or loss of vitality, of one part of 
a plant, while the other parts remaiir alive. When the fungus, Fm 
rium irichothecovdeSy is inoculated into Green Mountain potato tuhers, 
in about three weeks’ time it will be found that a portion of the tuber, 
usually the central part directly beneath the point of inoculation, has 
undergone necrosis. The surface of the potato tuber becomes sunken 
through the death and collapse of the starch containing cells and the 
lesions may involve half of the tuber. The black rot of the navel 
orange is due to a fungus, Alternaria ciiri, which gains entrance to the ; 
fruit through slight imperfections about the navel end. A black 
decayed area is found under the skin. This decay docs not spread im- 
mediately through the entire fruit, but remains for weeks as a small 
black necrotic area with a mass of the fungus present. The decayed tis- 
sue does not always extend to the surface, but remains beneath the skin. 
Necrosis often follows the action of frost in killing the cortex cells ol 
fruit trees in patches with a blackening of the tissues. Fire blight may 
be the cause of necrosis, for the cambium which is killed dries up in 
black patches. 

5. Dparfing . — A reduction in the size of a plant is very often asso- 
ciated with disease.' This may be true of the whole plant, or some 
particular organ only may be dwarfed. Apples are frequently reduced 
in size by the attack of the scab fungus, sometimes not reaching one- 
fourth the size, and the same is true of apples affected by the cedar rust 
Dwarfing of the whole plant may be a symptom of malnutrition, l^i 
may be evidence of a poor soil, or the repeated maiming, or nipping off at 
the buds by cattle, or purposely by man, as is the case with the mimJ' 
ture trees of the Japanese. Dwarfing, or nanism, may be the result 
of climate, as is the normal case with alpine plants. Prostrate forms ol 
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trees <•( great age are formed by the action of the climate of high 
ffiounl.'iins, or by growth in porous sand on exposed sea dunes. Atro- 
phy, or the non-formation of parts, or organs, is a phase of dwarfing. 
It is seen in the dwindling of organs in size, as the result of various 
causes, such as the attack of fungi. The carpels of Anemone are 
atrophied in plants infested by JEcidium and the whole flower is sup- 
pressed when the cherry is attacked by Ex- 
oascus cerasi. Exoascus pruni is responsible 
{or the absence of the stone in plum fruits, etc. 

6. Hypertrophy. — The undue excessive de- 
velopment of a plant part is a symptdm of a 
diseased condition of that part. The bladder 
plums formed in the plum pocket disease are 
good illustrations of hypertrophied tissues, as 
the replacement of the rye ovary by the ergot 
sclerotium, foUowirvg the entrance of the spores 
of Claviceps purpurea. The attack of Gym- 
msporanpum biseptatum (Fig. 136) results in 
ihe massive enlargement of the stem of the 
white cedar. A rust fungus is responsible for 
the increase in size of the twigs and petioles of 
our common ash and elder. 

7. Replacement. — A new structure takes 
the place of organs. 

8. M ummification. — The drying and 
wrinkling of fruits and other plant parts 
where the general shape of the p^rt is pre- 
served, but in a reduced size, is an evidence 
of the unhealthy condition of that organ, or 
part. The attack of the black-rot fungus, 

Sphmopsis malorum, brings about a slow desiccation of the fruit which 
may remain hanging on the tree over winter and in a shriveled condi- 
tion. Frequently, the mummies produce a crop of spores, which spread 
the disease. 

9. Alteration of Position. — The change of position of an organ from 
its normal one is*'a sure symptom of disease, usually the attack of some 
fungous parasite. The normal position of the leaves of the house leek, 
Semprrnvum lector urn, is that of a rosette with the spirally arranged 



Fig. 136.^ — Sweliing of 
main stem of white cedar 
caused by Gyrnwos^jor 
biseptatum. {After Uarsb- 
berger, Proc. Acad. Nat. .Set.. 
Phila., May, 190s.} 
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leaves approximately horizontal. When attacked by a rust fungus 
Endophyllum sempemm (Fig. 137), the diseased leaves grow erect 
The same is true with our native American hepatica, Hepatka trilok 
Infrequently, it is attacked by a rust fungus in the aecial condition 
Tranzschelia punctata, so that (Fig. 138), the rusted leaves develop 1 
larger, stiffer petiole, stand erect with a smaller, stiffer leaf blade oi) 
which the secia are found. The common garden purslane Portidaa 
oleracea, usually grows in a prostrate position, but when attacked bv 
the white rust, Cystopus {Albugo) portulace, many of the diseased 
branches become erect or ascending. The stems of Vaccinium ttbs- 
idoca become erect the second year after infection by Melamfson 
Goeppertiana. 



Fig. 137. — Two plants of house-leck, Sempervivum. Left one affected by /''tirfo- 
phyllum sempervivi. Right one, a healthy plant. {After Grove, W. B.: The British 
Rust Fungi, 1913: 54. 


10. Destruction oj Organs. — The destruction of plant organs by the 
attack of fungi is well illustrated by the cereal smuts, which attack the 
flower parts reducing them to a black powdery mass of spores, which are 
carried away, leaving nothing but the bare axis on which the flower? 
were originally situated. 

11. Excrescences and Malformations. — These will be treated of in 
detail in another chapter. Here it may be said that galls, pustules, 
tumors, corky outgrowths, crown galls, cankers, burls, or knauers, 
(Fig. 139) witches’ brooms (Fig. 140), etc., are evidences of diseased 
conditions. The nature of these excrescences and malformations can- 
not be discussed here, but it may be said that they are specific an(^ 
usually associated with the attack of some fungus, as for example thf 
plum knot due to Plowightia morbosa, the cedar apples formed onthi 
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red cedar by Gymnosporangium juniperi-virginiarKB. The crown galls 
or possible vegetal cancers, are another illustration of such excres- 
cences^ while malformations are represented by peach leaf curl and 
the witches’ brooms on trees. 


12. Exudations —The formation of slimy substances, which 
from trees and plants, the ^seased conditions known as bacieriosij^ 
gummosis^ and resinosis, illustrate the character of the exudations from 



Fig. 139. — Burl, or enlarged base of an oak tree in the forest on Gardiner’s Island, 
New York, July 17, 1915. 


plants under abnormal conditions. The production of clear amber- 
colored secretions, which accumulate on the surface of the diseased parts, 
is known as gummosis and is seen in cherries, apricots, almonds and 
many other trees, it follows wounds or the attack of fungr. Tht 
same condition in coniferous trees is knowji as resinosis and in a fe^i 
trees ituspf economic interest because, as in the spruce, the exudation ol 

1 Wolf, Frederick A.: Gummosis. The Plant World, 15: 49-59, March, 1912 
Butler, 0.: A Study on Gummosis of Prmus &nd Citrus. Annals of Botany 
25: 107-153, 1910. 
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gum rosin known as “ spruce gum” is collected and sold at from two 
dollars to two dollars and fifty cents a pounds Where due to the attad 
of bacteria it is called bacteriosis. Tumescence is the over-turgescence 
of plant tissues due to the excess of water. It sometimes indicates 
pathologic changes and was formerly called cedema,. or dropsy. F|yj 
is another name applied to the issuance of fluids from wounds in trees 
while slime flux issuing from wounds may be frothy, owing to the fer- 
mentative activity of yeasts and other fungi, which live in such slitnes, 
Manna flux is found in such trees as the manna ash and species of 
tamarisk. Cuckoo spit is a frothy material found on grasses and 



Pig. 141. — Crown gall with hairy root on nursery stock of Northern Spy apple. 

(From Marshall after Paddoefe.) 

other plants in which green sucking insects' liye. Honey- dew is the 
excretion of plant lice, or aphides, and its presence encourages the 
growth of fungi {Meliola, Scorias), 

13. Rottenness of plant parts is the state of decomposition 

putrefaction, or decay usually associated with the formation of 
malodorous, or putrid substances. Several kinds of rots are dis- 
tinguished as dry rot, soft rot, black rot and gangrene. Usually such 
rot or gangrene is due to the presence of some bacterial, or fungous 
organism, which brings about the decomposition of the parts attacked. 
The decay may be slow, or rapid. Sometimes the rot is associated with 
the production of bitter substances, as in the bitter rot of apples 
^ Recom), Samuel J.: Harvesting the Spruce-gum Crop. The Country 
man, Feb. 26, 1916, p. 475. 
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The wel rot of potatoes is probably due to putrefactive bacteria. The 
fcs\ies become soft, then mushy, and finally become a liquid mass with 
1 vile smell. 
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CHAPTER XXIX 


PATHOLOGIC PLANT ANATOMY 

With the multiplicity of higher plant forms, in which the saraeeu^l 
is attained in a diversity of ways, the terms normal and abnormall 
become in one sense merely relative terms for what apparently is the 
normal method of procedure in one group of plants, may be decidedly 
different, or abnormal, in other uncommon groups. The wordi^ normal 
and abnormal arc, therefore, variable terms, but useful ones. Sped- 
fically, when we use the word abnormal, we mean the departure, or 
deviation, from the normal (average) structure or function of the mem- 
bers of any group selected for investigation. Pathologic plant anatomy, 
therefore, has to deal with abnormal, but not necessarily diseased 
organs, and yet a study of diseased tissues is an important subject ol 
investigation for the plant pathologist. 

The material which forms the substance of our inquiry naturallj 
falls into two principal groups. 

1. The differentiation, number or size of the cells of pathologic 

tissues remain more or less below the normal, so that the tissues in one 
or more ways remain in a stage of incomplete development. The term 
Hypoplasia designates those abnormal processes of formation, which 
compared with the corresponding normal processes of development i 
appear retarded as it were and prematurely. ^ 

2. The pathologic cells and tissues exceed the conditions of difleren- 
tiation and growth characteristic of normal plants, so that a treatment 
of such necessitates a consideration of several independent groups. 

(a) The abnormal cells differ from the normal ones only in their 
internal structure (contents, mechanics, etc.) and for the processes of 
differentiation by which the tissue cells supplement their normal 
qualities, or exchange them for new ones, the term Metaplasu 
used. 

(b) The increase in size of abnormal cells over normal ones i: 
termed Hypektrophy (^brep = over, excessive; rpcpw = to nourish); 
arid it is not important fundamentally whether the histologic structurf 
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of the cells concerned remains similar to that of the normal ones, or is 
altered in some way. 

(f) The increase of a part by an increase in the number of its indi- 
vidual structural elements is known as Hyperplasia (w^p = over, 
excessive; TXotris = formation, structure), and thi^ depends on cell 
division following cell growth. A large number of abnormal formations 
arise through hyperplasia and the histology of the newly formed tissues 

is exceedingly varied. 

3. The processes of Restitution consist in the restoration of 
structures, which resemble those lost in injuries and mutilations of the 
plant body. Although the tissues thus formed are like the normal 
ones yet their formation following injuries, or mutilations, comes within 
the realm of pathologic anatomy. 

Hence we shall treat of morbid anatomy under the five heads 
suggested in the above , considerations. Naturally the material for 
our investigation and treatment arranges itself into five chapters, on 
"Restitution,” “Hypoplasia,” “Metaplasia,” “Hypertrophy” and 
"Hyperplasia.” 

RESTITUTION 

Following a wound or other injury or the removal of a plant part, 
the organs are stimulated to renew the lost part, or to repair the damage 
to the cells or tissues. The regeneration of lost or injured plant cells, 
tissues, or organs, is called specifically in pathologic plant anatomy 
restitution, while the word regeneration, although implying restitution 
(1. miiMio (-n), < restUulus, pp. of restituo, restore, < re-, again, + 
Muoj set up, < stOy stand), is used in a somewhat different sense. 

The process of restitution, it is conceivable, m eludes a number of 
distinct operations.^ The newly formed parts are formed at the place 
of amputation and are like the lost portion (as the regeneration of root 
tips) or the newly formed parts, which resemble the lost ones, are not 
produced at the injured place, but some distance away from it, or the 
new parts arise on the cut surface, but are unlike the lost part (hetero- 
roorphosis), and finally the new parts do not resemble the lost ones, nor 
do they arise at the surface of the amputation. 

It will be profitable to discuss the two most important forms of 

* Consult Studien Uber die Regeneration v. Professor Dr. B. NforEC. Mit 18 
TexUbb. 
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restitution, viz., that of the cell and that of the tissues. The experj, 
ments of Tittman have shown that the waxy cuticle of the castor-oil 
plant, Ricinus communis, may be restored after removal. Exposure 
of the protoplast results in many cases in the formation of a ne\v cel! 
membrane, as is illustrated in some of the large-celled algae belonging to 
the SiPHONE.®. Frequently, it is possible to demonstrate the resthu- 
tion of the cell membrane by the process of plasmolysis in which the 
protoplasm is made to retreat from the cell wall. The time varies for 
its formation under conditions of plasmolysis. In Conferva, it takes 
place in one to two days, in Zygnema in three to four days. When the 
root hairs of dicotyledonous plants are plasmolyzed new membranes 
are formed about the protoplast. 

Wounded siphonaceous algal cells {Caukrpa, Vdonia, Vaucherk\ 
where the cell wall has been injured, are capable of restoring the ceE 
wall. Some fungi show such restitution also, while the injured cells 
of the higher plants lack this power. A few exceptions are known where 
nettle hairs of Urtica dioica may imperfectly replace the broken-off tip. 
Pricking the turgid cell of Vdonia utricularis, as I have done with 
fresh specimens in Bermuda, is followed by the escape of a liquid jet 
and later the opening is closed by a gall-like, protoplasmic, chlor^ 
phylless plug. 

It has been demonstrated that the important cell wall can be regen- 
erated on fragments of protoplasm provided the influence of the nucleus 
is felt in such formation. Klebs has shown that, with the removal of 
the nucleus from the cell, that cell has lost all its power to produce new 
cell walls, but a distant nucleus may extend its wall-forming influence, 
when removed several millimeters away in an adjoining cell. 

In the restitution of tissues, we will consider those cases in which the 
injured cells remain unhealed, but in which the uninjured neighboring 
cells bring about the restitution. The removal of the rhizoidal hairs 
on the thallus of Marchantia is followed by the appearance of other 
hairs in a few days, which may grow out through the cavity of the 
mutilated one as described so carefully by King. The mutilated 
tip, or growing point, of many multicellular algae is replaced by the 
development of the uppermost intact cell. B ref eld found in the 
sderotia of Coprinus stercorarius the inner cells are able to regenerate 
the outer black cuticularized coat, if that is removed. 

The number of cases of tissue restitution known in the higher plants 
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(i-e few. The peridium, or secondary tegumentary tissue of stem or 
oot, is easily regenerated, as is seen in the formation of new cork layers 
n the cork oak after the removal of older ones. The epidermis is not 
Jways replaced but Massart found that removal of the epidermis of 
[xsimdchia ml^aris resulted in the regeneration of a new hair-bearing 
;pidermis. The regeneration of the vascular bundles has been studied 
a rnonocotyledonous plants and in dicotyledons. The regeneration 
)f roots in monocotyledons consists in the replacement of epidermis, 
phloem and xylem. In dicotyledons before the wood and bast are 
eplaced there is a regeneration of the endodermis, so that the restora- 
iion of central cylinders, that have been destroyed, is not unusual. 

HYPOPLASIA 

The condition of hypoplasia in plants is one of arrested develop- 
ments. The organism, or one of its parts, does not reach normal devel- 
opment, but that development is arrested, or stopped prematurely. 
Hypoplasia is, therefore, defective development. The plant morpholo- 
gists and plant anatomists are chiefly concerned with the problems 
of arrested development and recently awakened interest has been 
taken in its study, because it has been found that the interpretation of 
certain phenomena is subject to experimental treatment, and hence, 
there has arisen a coterie of experimental plant morphologists. Such 
investigators have found that the processes of growth and differentia- 
tion are not always equally arrested, which are associated in time and 
place in the normal course of development. For example, leaves differ 
from the normal by their small size. • They may be retarded in their 
form, as the narrow leaves of Sagittaria produced under water, or the 
form may remain entirely undeveloped. We will treat of hypoplasia as 
to the number of cells, as to the size of the cells, as to the differentiation 
of the cells and the tissues, ' 

A. Number of Cells . — It has been found in a study of the dwarf 
forms of plants such as occur on high mountain tops that the condition 
of nanism is not so much due to a decrease in the size of the cells over 
tbse of the normal plant, but is chiefly conditioned on a reduction in the 
number of cells. The internodes of plants may be shortened, the size 
of the leaf blade may be reduced, the thickness in the leaf may be re- 
duced, and this reduction in size is usually associated with a loss in the 
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number of cells, as for example, the omission of one of the palisaije 
layers of the leaf. External factors are important in determining 
structure of the leaf tissue, for the leaf more than any other 
organ is an index of the influence of climate. This fact is empha> 
sized by a work entirely devoted to this subject and given tlie 
appropriate title of “Phyllobiologie.’’ There is a marked difference 
in the thickness of beech leaves, for example, which have developeij 
under different environmentid conditions, as I have proved satisfactn- 
rily by the use of calipers and microscopic measurements, which show 
an accurate coincidence. The thickness, or thinness, of such a leaf de- 
pends essentially on the number of Tows of cells. The thickest leaves 
with the largest number of palisade layers which I have studied, grew ' 
in the bright sunlight in exposed places along the edge of a salt marsh 
at Cold Spring Harbor, Long Island. Sun leaves back from the influ- 
ence of salt water were thinner and broader, while those growing in 
the dense shade of the forest in an inland situation near Philadelphia 
were the broadest and thinnest of all. Not only was the mesophyll 
modiffed in these leaves, but a marked difference was found in the shape 
of the epidermal cells in the sun and shade leaves. 

The number of cells which arise from the carabial layer suffers a 
marked diminution in trees which grow under unfavorable climatic life 
conditions. Drought, strong winds, pressure, unfavorable light and 
nutrition are disturbing factors. Growth activity of the cambium may 
cease entirely, if these factors become too intensive. Huntington has 
proved abundantly by his study of yellow pines of New Mexico and 
the big trees of California that climatic cycles of wet and arid conditions 
in the past history of North America can be determined from a study ol 
the size and character of the annual rings due to the cambial activity ol 
those trees, and he has plotted curves showing this relationship fori, 
period approximately 3500 years in the case of the big tree, Sequok 
gigantea.'^ 

B. Size of Cells , — The size of cells must be considered also in dis- 
cussing the phenomena of hypoplasia. Abnormally small cells may 
be produced in different ways; A fresh division of the cells may take 
place before the cells have reached the average size which they as- 
sume under normal conditions. Klebs recites a case where he culti- 

^Huntingion Ellsworth: The Climatic Factor. Publ. 192, Carnegie Insiitc- 
tion of Washington, 1914: 155. 
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fated !'-ii<isirum verrucosunij a desmidiaceous alga, in 10 per cent, cane 
The daughter cells formed by a previous division of those 
cells di\ icied again before they bad attained their normal size. The 
coflditiofis in the higher plants where hypoplasia is shown by the 
production of abnormally small cells are such that the period of elon- 
gation, which normally follows the last cell division, does not take 
place, or is stopped part way. Abnormally narrow tracheal tubes are 
found in dwarfs, in etiolated and poorly nourished plants, or in in- 
dividuals infected by fungi, or gall-producing animals. Disturbances 
innutrition reduce, the size of the wood elements produced by cambial 
activity- 

In the study of the differentiation of cells and tissues, those cases 
should be considered first which concern the individual cells, where the 
formative process may stop prematurely. An investigation of Vdotea 
Besfontami shows the arresting action of unfavorable life conditions 
upon the development of the cell form. The leaf-iike part of this alga 
is composed of elongated sacs, which run lengthwise and parallel, with 
numerous side branches of limited growth, which interlock to give 
the tliallus its characteristic firmness. If artificially cultivated, the 
parallel sacs show undiminished growth activity, but the side branches 
no longer show limited growth, but unlimited, and the thaUus loses its 
wonted form. 

Arrestment of the development of the cell wall is indicated in the par- 
tial, or entire cessation of the secondary growth in thickness, and as a 
result, the elements normally tliick-waUed have walls of only moder- 
ate thickness. Weak, or insufficient, transpiration acts pari passu in a 
poor development of the cuticle of epidermal cells. Dwarfed plants 
frequently show weakly developed cell membranes, as a sign of disturb- 
ances in the nutritive processes. Chemic changes may be associated 
with hypoplasia. Lignification is rarely excluded in the formation 
under disturbing influences of the woody elements of plants. The cells 
of the medullary parenchyma in thorns (CrcUe^us) remain unlignified, 
when infected with a rust fungus, Roesklia. Finally, the formation of 
cross walls may remain incomplete, thus giving rise to chambers, 
sometimes communicating with each other. 

Hypoplasia, as it affects the cell contents, may be. seen in the 
reduction in the number of chloroplasts in variegated leaves, in plants 
with pale-green leaves and in plants which grow in places saturated with 
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vapor. The individual chlorophyll grains may not attain their normal 
size, remaining small The formation of chlorophyll presupposes a cer 
tain temperature, the action of light, the presence of iron and certain 
organic food materials. Low temperature may reduce chlorophyll fof. 
mation, as is seen in grain seedlings and bulbous outgrowths or with 
yellowish color grown under a low temperature. Deficiency of light and 
iron causes etiolation, more especially chlorosis, or icterus in the absence 
of normal pigment due to the lack of iron, while in vines unable to 
absorb iron chlorosis may take place with abundance of iron in the soil 
Sometimes it happens, on the other hand, following the attacks of an 
insect that ripening lemons remain green-flecked. This condition 
is due to arrested development of the chloroplasts, which normally 
would be transformed to yellow chromatophorcs. 

Light also seems to influence the development of the red pigment 
anthocyanin, as is especially noticeable in varieties of Colem, while 
other parts, such as rhizomes, bulbs and roots, which remain under- 
ground, are richly provided with anthocyanin. Chromogen ic bacteria 
may lose the power of producing pigment, as is illustrated by Micro- 
coccus prodigiosus grown at the high temperature of 4o°C. AT.W. 
Schimper and other botanists have shown that the formation and dis- 
tribution of crystals of calcium oxalate in plants is to a large extent 
dependent on external factors. Shade leaves contain fewer crystals 
than sun leaves and plants grown in moist air, or without light, are also 
poor in these crystals. 

C. Tissue Differ efitiation . — ’The arrestment of tissue differentiation 
can be illustrated in simple algge where the cells are united into colo- 
nies. When the green 2i\g2i, Scenedesmus caudalusy the end cells of 
which have gelatinous horns, is subjected to abnormal life conditions 
tbe horns do not form. In the consideration of tissues of multicel- 
lular growths it may be said that there is no organ in which homo- 
plasia may not appear. Examples have been found in tie hepatic and 
true mosses. 

The best illustrations of the developmental arrest of tissues are 
found among the flowering plants, where as one case the guard cells of 
the stomata may be arrested by a lowered transpiration and weak inumi- 
nation. Stapf in his experiments with the potato, Solanum tuberosum, 
showed that under normal conditions there was one stoma for every 
forty-six epidermal cells, and in specimens matured by him in gaslight, 
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there was a pair of guard cells for every 204 epidermal cells. The for- 
mation of the hairs on the edge of the ocrea of Polygonum amphibium 
is entirely suppressed in the form ncUans, which is grown under water, 
while they are present in the form terreske. The modification of the 
mesophyll tissue in homoplasia is due to the character of the environ- 
ment. plants cultivated in places saturated with moisture, or after 
infection by fungi or animals, show a homogeneous development of 
the mesophyll. 

In homoplasia, the vascular bundles decrease in number, the 
nrechanic tissue degenerates and the collenchyma sometimes does not 



Fig. 142. — A, Cross-setUon of a normal thalloid shoot of Luwutaria. {Afkr 
}!fslUr, Die nalurlichen PJlanzenfamilien I. 3. p. 17.) B, Cross-section of a ihalloid 
shoot grown in the absence of light. {Afler Beauverie in Kiisler Pathologische PJlanzen 
Analomie, 1903: 42.) 


form. Thouvenin by the use of mechanic pressure retarded the 
development of the woody tissues in the stem of Zinnia. The stems of 
Cardamine grown p’nder water develop no mechanic tissue. The 
length of the vascular bundles is less in plants grown in moist places 
over plants which transpire strongly. Stahl found in his study of the 
leaves of Laciuca scariola, that the mesophyll consists of palisade cells 
throughout in the vertical leaves and in horizontal leaves lighted from 
ibove of palisade cells only on the upper side of the leaf. If we call 
'^pon homoplasia to explain the formation of shade leaves (Fig. 142), as 
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the unavoidable product of some arresting factor, then the struct ureo( 
shade leaves and those from alpine habitats, as well, as those placed under 
water and which have a shade leaf structure, lose their remarkable char- 
acter. Taking into consideration all of the experiments which have been 
performed, it may be stated in concluding this chapter, that all of the 
described hypoplasias may be traced back to scanty nourisliment. 
We are probably correct in assuming that there is poor nutrition m 
plants' grown in distilled water, in the dark, in an atmosphere deprived 
of its carbon dioxide in moist places, or under water. Insufficient 
nourishment leads to an arrestment of differentiation and this becomes 
evident in a number of ways. 

Metaplasia 

Metaplasia has been defined as the progressive change of any cell, 
which is not connected with cell division and cell growth. The empha- 
sis in this definition is upon the word progressive in contradistinction to 
the word regressive. Metaplasia is less important in the histology of 
plants than it is in animal histology. Changes of a metaplastic kind 
are produced in the cells of plants, especially in the production of ne^ 
cell contents, or of the cell wall by increase in thickness. 

Cell C^5«/5.“Frequently, it happens with tubers, bulbs, rhizomes 
and roots of many plants that they develop a green color in place of 
their normal chlorophylless character. Potato tubers kept in a damp, 
warm, sunny place sometimes develop a green color and become 
poisonous through the formation of metaplastic solanin. Bonnier 
found that the tissues of his experimental plants exposed to strong arc 
lights turned green even to the pith. Likewise red pigment dissolved 
in cell sap may appear as a metaplastic change. For example, the nor- 
mally green pitchers of Sarracenia purpurea become purplish green when 
the plant is grown in intense sunlight. Such is also true in the heather, 
CaUuna vulgaris, Azolla, many succulents as Opuntia and Sedum. In- 
jury to plant parts may be followed by the development of a red color. 
The normal color of the leaves ofSaxifragaligulalaare green, but if leaves 
are cut through the midrib, a red coloration developed^along the edges 
of the wound. Parasitic fungi may cause a local reddening of the cells 
affected as in certain fruit and leaves spot diseases. The metaplastic 
formation of coloring matters appears in the so-called graft hybrids. 
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Xk c-xcessive formation of starch in the leaves of such plants as the 
buckwheat, Polygonum fagopyrum, when insufficiently supplied with 
chlorine is a case in point, as also the unfavorable nutrition occasioned 
by potassium salts, wHiie Schimper succeeded in getting the same ac- 
cumulation of starch in unusual amounts in the leaves of Tradescantia 
seUoi by cultivation in nutrient solutions free from calcium. 

Cell Membranes. — The metaplastic modifications of cell walls may 
be considered under two heads. The first condition is found where 
bordered pits are formed, as in such orchids as Cymbidium ensifolium^ 
lalia anceps and Epidendrum ciliare, whose leaves have been scarred. 
The second modification is seen where the cell walls have been thick- 
ened abnormally by cellulose knobs, or thickenings. Such cellulose 
deposits occur about calcium oxalate crystals, oil drops, as in Piper- 
ace^, Laurace^ and about the hyphse of fungi which penetrate cells, 
the hyphse along with certain cytoplasmic inclusions being surrounded 
by the cellulose sheath bridging the space of the cell. Wortmann has 
found heavy wall thickenings in the epidermis and bark of beans and 
other twining plants, if they are prevented from carrying out their 
reaction curvatures, while Kiister noticed the lignification of the cell 
walls in the leaves of Juglans under the influence of certain plant lice. 
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PATHOLOGIC PLANT ANATOMY (CONTINUED) 
HYPERTROPHY 

The plant pathologist applies the word hypertrophy to an abnormal 
process of growth in which the individual cells are larger than the nor- 
mal, or when whole tissues become enlarged, or distended. Cell 
division is left out of account as a means of the formation of hyper- 
trophied cells, or tissues. The cells which are enlarged may be derived 
from the meristematic elements, which have continued their growth to 
the enlarged size, or cells continue their growth longer and more in- 
tensively, or cells of permanent tissue are concerned, which take up 
anew the process of growth in size. The cell may enlarge in all of its 
dimensions, so that the original shape of the cell is maintained, or it may 
enlarge in one or two directions, when the original shape is no longer 
kept. If the enlargement is in two directions the cell will be distorted, if 
in one direction it will grow abnormally long. The extent of the en- 
largement and its direction will be determined by the character of the 
surrounding cells, or their absence. An hypertrophied cell may be 
surrounded by cells incapable of distention, hence its enlargement will 
be limited to the size of the available free space. Kiister distinguishec 
two kinds of hypertrophy, cataplastic and prosoplastic. Cataplasth 
hypertrophy is an abnormal increase in the volume of cells associatea 
with degenerative atrophy of their living contents, for the functional 
decline of the cell has been termed by Beneke, cataplasia. Prosoplastic 
hypertrophy involves new anatomic characteristics and functional 
activities, for the cells store up fats, proteins and starches, or develop 
chlorophyll, or red coloring matter. The involution forms of Bacilh 
radicicola, which forms the leguminous root tubercles, and those of 
the crown-gall organism, Pseudomonas tumefaciens, are examples of 
simple hypertrophied cells (Fig. 143). With these preliminary remarks 
it is important to illustrate the different kinds of hypertrophy whick 
have been described by plant pathologists. The most simple cases are 
those in which the meristematic cells capable of division have grown to 

364 



PATHOLOGIC PLANT ANATOMY 


36s 

jn abnormal size by the omission of cell division. Under the influence 
a fungous parasite, Ckytridium sphacellarum, the apical cells of the 
ateral branches of an alga, Cladostephus spongiosus, stop dividing and 
enlarge into club-shaped swellings at their upper end. If specimens of 
Medina pavonia, a siphonaceous alga, be inverted and are exposed to 
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Fig. 143.— Drawings of rods and involution forms of Pseudomonas tumefaciens 
.rom young tumors. A, B, Daisy on daisy; C, D, hop on red table beet; E, F, hop 
jh sugar beet. {After Smith, Brown, McCulloch, Bull. 255. U. 5 . Bureau of Plant 
Industry, 1912.) 

•gbt, their spiral edges uncoil and the cells of the apex enlarge into 
vesicular form. The hyphae of the sterile mycelium of Rozites 
l^Hykphora found in the fungous gardens of the tugging-ant, Aitaf 
ibw regular ball-like swellings on the ends of the hyphffi. These 
Jnited into thick groups form the kohl-rabi growths which serve the 
ints as food. 
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Etiolated plants afford interesting examples of hypertrophy, for 
in the absence of light the internodes of the stems and the petioles 
of the leaves become inordinately long. If this follows cell riivisions 
then it is a hyperplastic phenomena, but where it is due to the abnormjil 
lengthening of existing cells, it is a simple case of hypertrophy. Kiistej ■ 
found in the etiolated peduncles of Tulipa Gesneriam, that the cells 
were from a third to a half longer than the normal ones. Longer cells 
than usual are produced in plants grown experimentally in moist air. 

Hyperhydric tissues are abnormal and are formed by an excess o{ 
water within the plant. They constitute a homogeneous group from 
a causative (etiologic) point of view. As examples may be cited 
the spongy white masses of cells which appear in the lenticels of tlie 
twigs of alder, poplar, willow when such twigs are placed in water. 
The individual cells of this porous tissue are chlorophylless, have a tli]» 
layer of cytoplasm and a clear abundant cell sap. Such water lenticels 
were compared by Schenck with typic aerenchyma found on numero\i5 
water plants. Such lenticel excrescences arise from normal knticelj 
by the enlargement of the phelloderm cells and in some cases the bark 
cells lying under the lenticel hypertrophy. Von Tubeuf and Devaux 
give extensive lists of the plants which produce hypertrophied lenticels.' 

Bark excrescences form another kind of hypertrophied tissue. 
They have been produced experimentally on the bark of the red currant, 
Rihes aureum (Fig. 144). In such boss-like excrescences the paren- 
chyma cells of the bark grow out into long sac-like cells of dilfereni 
form and size by growth in a radial direction. Not only the cells ol 
the outermost bark layers take part, but all the elements down to tliei 
wood take part in the abnormal growth and have become completely 
or nearly colorless. The firm connection between bark cells is lost and 
they are separated from each other by large intercellular spaces. 
Sorauer kept cuttings of shoots of Ribes aureum several years old in a 
vessel of water and in moist air. At the end of four weeks extensive 
excrescences were formed. 

Intumescences are small pustules, which are formed only in limited 
areas, and their formation follows the same processes of growth as n 
the case of bark excrescences. They are known in the branches ft' 
Acacia pendula, Eucalyptus rostratus, Lavatera trimestris and 

^ KiisiER, Dr, Ernst: Pathol(^ical Plant Anatomy, authorized translation b; 
Frances Dorrance, 1913: 74~7S* 
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pMora. They are formed on the side of the branches exposed to 
the sun and the bark cells are elongated in a radial direction, finally 
breaking through the epidermis as spongy masses of cells. Leaves 
list) produce intumescences. Originating in the mesophyll cells, they 



Fig. 144. — Cross-section of a part of a strongly hypertrophied bark of Ribes 
K, Cork; P, periderm; H, abnormally elongated bark cells. (KiisUr, 
^<iihologische Pfianzenanaiomie, 1903: 80.) 

appear as greenish or whitish pustules of varying size and beneath the 
'dls lose their chlorophyll content. Cataplastic hypertrophy explains 
ie origin of some intumescences. For example, the lower cells of the 
'^Vtthl-layeied epidermis oi Ficus elastka ate pressed together by the 
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growth of the mesophyll cells and the space originally occupied by the 
former is finally filled with the cells of the mesophyll. Excess of ^vater 
is one of the contributing causes in the formation of intumescences 
as also treatment of plants with poisons, especially copper salts. 
Abnormal succulence, as an hypertrophy, is such where plants with 
normally thin leaves, develop thick ones in their place. Salt solutions 
if used experimentally upon certain plants, may induce succulency. 
LeSage produced artificial succulence in the leaves of l,epidium saiinn 
by abundant doses of common salt, NaCL The mesophyll cells were 
elongated greatly. 



Fig, 145. — Cross-section through the wounded border of a cabbage leaf. The 
hypertrophied mesophyll cells are enlarged into vesicular swellings. (Kusky, 
ologische Pfianzenanatomie, 1903; 94.) 

Callous hypertrophy arises after an injury when the living ceils of an 
organ enlarge without division, especially at the edge of the wound, 
where they may enlarge to many times their normal volume (Fig. 145)' 
As it frequently happens that cell divisions follow an injury, it is not 
always easy to distinguish between callous hypertrophies and callous 
hyperplasias. We find callus hypertrophies among the thallophytes, 
as in Padina pavoniay and in the higher plants where the bark, wood 
parenchyma, leaves are affected. Kiister produced callous hypei' 
trophies near the upper surface of the cut by keeping one end of tk 
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cutting under water, the other extending into moist air. The bark 
cells were enlarged greatly, producing ball-hke or weakly lobed forms. 
Only single cells in the bud hypertrophied and they grew out into large 
colorless vesicles. Miehe has found Tradescantia virginica a suitable 
object to produce callous hypertrophies experimentally. The destruc> 
tion of cells, or cell groups, of the epidermis causes the formation of 
empt}’ ])laces which are filled by the neighboring cells which close the 



Pig. 146. — Pitted vessel o£ black locust, Fig, 147. — Cross'section through 

Robinia pseudacacia, filled with enlarged old wood of jussa/fd5. 

menchyma cells or tyloses. At a the con- The lower vessels contain stone 

lection between tyloses and original cell is tyloses, the upper besides stone 

iccii. {Kusier, Palhdlogische Pjlanzenanat- tyloses, contain thin-walled tyloses. 

miie, 1903 ; 100. {After Molisch in Kusier, Patholo^ische 

Pjlanzenanutomie, 1903; 1 00.) 

opening. Haberlandt in his culture of isolated tissue elements obtained 
abnormally large cells which should be classed among callous hyper- 
irophies. He kept alive isolated mesophyll cells from the leaves of the 
purple dead nettle, Lamium purpureum, for weeks in Knopfs solution, 
w in nutrient sugars, and these cells grew perceptibly at the same time 
that a thickening of their membranes took place. The exact causative 
influence in the development of callous hypertrophies is still an open 

question. 
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Tyloses^ are more or less closely packed, bladder-shaped intrusions 
derived from the parenchyma cells adjoining the cavities of water- 
conducting elements into which they project, often completely blocking 
the cavities (Fig. 146). They were first investigated by Hermiee von 
Reichenbach, who noticed that the swelling is not cut off from the 
parent ceil by a septum. They arise frequently in association with one- 
sided bordered pits, the limiting membranes of which undergo active 
surface growth and thus push their way into the cavities of the vessels 
(Fig. 147). Several tyloses may arise from a single epidermal cell. Thev 
occur beneath branch scars that have been formed by a branch breaking 
off and also at the wounded end of cuttings being formed in such 
numbers, that they become flattened by mutual pressure. The cavities 
of vessels are thus filled and they probably serve, as Boehm first sug- 
gested, to plug up the cavities of the water-conducting tubes that have 
suffered mechanic injury. This explanation suffices for such special 
cases of injury, but tyloses are formed in uninjured vessels where they 
obviously do not serve to close up a wound. Haberlandt believes that 
tyloses of this last-mentioned type take some part in the process of 
conduction, by increasing the surface of contact between the vessels 
and the neighboring parenchyma cells. Kiister in his “Pathological 
Plant Anatomy” gives a detailed account of the different kinds ol 
tyloses and their method of formation, which need hardly be discussed 
in a text-book for student use. Molisch gives a list of plants in whid 
tyloses have been found. Sometimes tyloses fill the air chambers oi 
the stomata partially or almost entirely, where the epidermal cell? 
adjacent to the guard cells grow out into large unicellular hags, as it 
Tradescantia viridis. 

Gall hypertrophies are those which are produced by the effect of a 
poison formed by an attacking animal, or plant. The tissue products 
are the most diverse and a sharp distinction cannot be drawn betweec 
hypertrophic and hyperplastic gall tissues. Gall hypertrophies usually 
occur in the epidermal and the fundamental tissues of various plants. 
The gaUs of the fungi belonging to the family Chytrimace^, namely, 
those occasioned by species of Synchyirium^ are very simple, for the 
entire life history of the fungous parasite is passed in a single cell of the 

^ Ge»hy, Eloise: Tyloses: Their Occurrence and Practical Significance in Some 
American Woods. Journal of Agricultural Research, i; 445-470, with 8 plates, 
March 25, 1914. 
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The zoospores of the species of Synchytrium penetrate the cpi- 
>rmal cells and incite these cells to active growth causing their enlarge- 
cnt, ^ the cells attacked by Synchytrium drabce. Sometimes the 
fectert cell grows inordinately and pushes the mesophyll cells lying 
•low apart, until it projects into the underlying cells as a spheric 
)uch. H the neighboring cDidermal cells are stimulated warts are 
rmed. 

The second group of gall hypertrophies are certain hair-like develop- 
ments of epidermal cells due to the irritation of certain mites of the 
^enus Phytopius, which produce felt-galls, or Erineum. These erineum 
'sunctutes arise in clusters on the surface of leaves of such trees as 
jmaples^ alders, birches, beeches, oaks, willows, limes and on herba- 
ceous plants belonging to the genera Geranium, Mentha, Salvia, etc. 
These outgrowths so resemble fungi, that Persoon was deceived into 
so believing. They are usually pale, or even white at first, and they 
turn brown as the hair-like outgrowths die and lose their sap, but 
since the latter may be colored yellow, red or purple, the outgrowths are 
conspicuous objects on smooth leaves. The botanist Malpighi in 
1675-1679 was the first to call attention to these galls. One-celled 
erinea are the rule, but multicellular abnormal hairs are formed by the 
hypertrophies of the normal trichomes as Frank reports on Quercus 
ff.plops. 

Gall hypertrophies, where the ground tissues of plants participate in 
their formation, are known. The roots of the Cve adages develop 
sacs out of their parenchyma cells, so that large intercellular spaces are 
formed in which a blue-^een alga, Anabma cycadearum, the causal 
organism, lives. Galls produced by fiies and belonging to the group of 
zoocecidia may be taken as illustrations of gall hypertrophies. One is 
known as the window gall of the maple, and the other is a reddish-brown, 
bladder gall occurring on the leaves of Viburnum Jantanum. 

Multinuclear giant cells may be formed in plants, if the nuclei divide 
regularly, but for some reason the formation of cross- walls becomes 
impossible. The cells are stimulated to abnormal growth forming the 
so-called giant cells. Such hypertrophies are associated with an in- 
crease of the cytoplasmic contents of the cells. Such ^iant cells are 
those produced by certain Nematode worms of the genus Heterodera on 
^tich liost plants as Beta, Coleus, Daucus, Plantago and Sacckarum (Fig. 
•48). Priileux produced multinuclear giant cells in seedlings which 
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were cultivated at an abnormally high temperature. The number o| 
nuclei rarely exceeded three. 

Multinucleate cells occur in crown gall which are perhaps compaj. 
able to the giant cells of the animal histologist. Cancer specialists have 
divided these into two groups, viz., foreign-body giant cells in which the 




Fig. 148. — Cross* section of a part of a root gall of Circaa luieliana in old stage, 
numerous giant cells are seen, the nuclei of which have begun to degenerate; h, irreg- 
ularly branched nuclei out of the giant cells dividing by amitosia within anuceoli; 
C, a single multinucleate giant cell. {After T ischler in Kiisler, Falhologische Pjtanan- 
anolomie, 1903: 128.) 


stimulus is some introduced foreign substance, and genuine ones in 
which no foreign bodies are visible. There is probably no real distinc- 
tion other than that those occupied by parasites are malignant and those 
induced by non-living granules are harmless. The cells in question in 
crown gall are not very large, but they contain several nuclei (Fig- 
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Four nuclei in one cell is the most we have seen, but it is prob- 
nble that- larger numbers occur. It would seem from the studies of 
Erwin F. Smith, which, however, are incomplete, that most of the cell 
iivisions in crown gall are by mitosis. Frequently, however, there 
iiave been found nuclei variously lobed and in process of amitotic 
iivnsion, and this is probably the way in which several nuclei are 
iormed in one ceil (Fig. 149). 



nduslry, 1912 ,) 


HYPERPLASIA 

Virchow in his “ Cellularpathologie ” (1858: 58) defined hyper- 
lasia as all abnormal quantitative increase, produced by cell division, 
nd that definition will be adopted here. It is very difficult in practice 
5 distinguish without a careful study between hypertrophy and hyper- 
lasia, but in the latter abnormalities are produced by ^ cell division, 
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while in hypertrophy they are not. A number of well-defined groupsQj 
vegetative hyperplasias may be distinguished by their etiology. Cheiaic 
stimulation may be the cause of some, injury the cause of others. 
normal currents of foodstuffs may be clogged, the food may be irregu, 
larly distributed and these interferences with normal processes may 
result in proliferations and other abnormalities. Special stimuli may 
also bring about abnormal supplies of food with consequent hyperplas. 
tic tissue formation. The study of the abnormality to determine its 
kind must be based on histologic analysis. If in our histologic examina- 
tion, we discover that the abnormal tissues resemble the corresponding 
normal plant parts, we are dealing with homooplasia; if they differ from 
the normal, that is are composed of cells different from the correspond- 
ing normal ones, then we have a case of heteroplasia. 

Heteroplastic excrescences are of great interest histologically. The 
difference between normal and abnormal states is sometimes greatly 
diverse. This difference may be one of size, of tissue differentiation, o( 
constitution, and it is important in our pathologic study to determine 
the nature of the differences between normal and abnormal conditions. 
Thus, when we find a less differentiated tissue produced by abnormal 
cell division without regard to the increase in the numbers of cells, we can 
speak of the degeneration of tissue formation combined with an increase 
of volume. This is known as cataplasy, and the products of the cata- 
plastic processes as cataplasms and the kind of hyperplasia illustrated 
in these abnormal changes as cataplastic hyperplasia. When, on the 
other hand, we find new histologic characteristics and functional activi- 
ties associated with hyperplasia, we speak of prosoplasy, of prosoplasms, 
and of prosoplastic hyperplasia. 

Homooplasia.— This term may be defined as abnormal tissue forma- 
tion produced by an increase of the normal elements; it has a limited 
use to abnormalities, not to increase in size of normal organs by a mere 
increase in the number of cells. We would not use the word homo- 
oplasia for the unusually large leaves which of normal form and texture 
appear on the shoots which arise from tree stumps and which have been 
studied by the writer in a number of our American forest trees, such as 
the tulip tree, Liriodendron tulipifera. Homooplasia is opposed to the 
phenomena of giant growth here mentioned. 

Localized tissue excrescences composed of the same histologic 
ments and of homooplastic character are not common. Occasionally 
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sugar beets continue their growth to abnormal thickness by the forma- 
tion of ridge-like tissue excrescences composed of normal layers of Us- 
jjues wliich extend longitudinally. Be Vries investigated a case where 
new canibial rings were formed outside of the latest ones of the first year 
coincident with an arrestment of activity. Hottas incased roots of 
pin'd faba in plaster casts pierced by holes. He found that by correla- 
tive growth homooplastic excrescences filled the holes. 

Some kinds of homooplasias are characterized by the fact, that only 
single tissue forms of an organ are developed unusually without the for- 
mation of local excrescences by which means the histology of the organ 
is altered. Increased demand upon a tissue may result in the formation 
of abnormally abundant tissue and to this the name of activity homo- 
oplasias has been given. Various experiments have been conducted in 
the attempt to form mechanic tissue by putting an increased mechanic 
demand upon plant tissues. The experiments of Kuster with sunflower 
items were negative, as also those of Wiedersheim with branches of 
beeeh and ash, for he found no strengthening of the hard bast in his 
experiments. He proved, however, an increase of steroids in the 
strained branches of Corylus avdlana. Vochting has shown that hori- 
zontal stalks of the Savoy cabbage strained at the extremity by hanging 
weights developed thickenings on the upper side of the branch. De 
Vries has described an abnormal potato tuber in which through the need 
of conduction of plastic substances the bundles of the tuber had devel- 
oped to an extent unusual to the normal plant. The wood and bast 
portions were both increased. Vochting’s experiments with potato 
tobers supplement those of deVries; for he succeeded in interpolating 
the potato tuber as an element in the potato plants grown from it and 
succeeded in getting hyperplastically developed vascular bundles. 

Correlation homooplasias result when there is a local arrestment of 
growth, and growth is started elsewhere with homooplastic changes in 
the tissues. The experiments of Boirivant and Braun have proved this 
in a number of plants. Only one case of callus homoopiasia has been 
reported and it is described by Schilberszy, who succeeded in stimulat- 
mg an increase erf vascular tissue in the stalks of Phaseolus muUiflorus 
through injury. No positive cases are known where homooplasias 
occur in the formation of galls. 

Heteroplasias. — ^This term of pathologic anatom^ is used when 
Iherc is a quantitative increase of an organ in which by abnormal di- 
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vision of the cells there are produced tissues, the single elements of whid, 
have no resemblance to normal ones. Size of cells is of relatively 
interest in the study of these abnormalities. More important axe cata- 
plasmic and prosoplasmic tissues, which are formed in heteroplasii 
Cataplasmic tissues are those which are more simply constructed than 
the corresponding normal tissues, while prosoplasmic tissues are those in 
which we can see processes of differentiation in the formation of their 
single cells and in the distribution of their different elements, which are 
not manifest in the formation of the corresponding normal tissue. 

The material illustrating the various kinds of hcteroplasia may be 
treated of under the following heads: 

1 

I Cataplasms 

1 {a) Cataplasms 
J (6) Prosoplasms 

I. Correlation-heleroplasms 

This term is applied to cases where the normal growth of any plant 
is arrested at its vegetative points by any causative factors whatsoever, 
and where under the stimulus of the unused nutritive materials some par( 
of the plant develops abnormal growth and tissues, Vochting has 
studied this subject in all of its details. He found that decapitation 
of sunflower plants resulted in the production of tuberdike swellings 
on the roots and that in the aerial runners of Oxalis crassuaulis filled 
with reserve materials that removal of the apical cells and all axillary 
bud cells resulted in the formation of swellings on the leaves and 
internodes. According to Vochting, the parenchyma participates, also 
the vascular bundles, which have fewer ducts than the normal ones. 
The sieve tubes, however, are richly developed and extensive funda- 
mental tissue outgrowths are found between bast and wood. The first 
experimentally produced correlation-heteroplasms were made by Sachs. 
He cut off all the vegetative points of pumpkin plants. He found, as a 
result, that the embryonic root cells present in the stem at the right 
and left of each petiole grow out into sh or Ts talked tubers, as largf 
as marbles, in which the root cap and vegetative point are absent and 


1. Correlation-heteroplasms 

2. Calluses 

Heteroplasias 3. Wound-wood 

4. Wound-cork 

5. Galls 
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le axillary fibrovascuiar cord is resolved into a circle of isolated bundles 
parated by chlorophyll-containing cells. 


Callus may be defined in the widest sense of the word as all cell and 
issue forms produced subsequent to and as a result of injury. In 
aany plants and plant organs, only a metaplastic change of the cells 
fas incited by the injury (callus-metaplasia); in others, the cells laid 
(are showed an abnormal growth and were changed into voluminous 
■esicles and sacs (callus-hypertrophy), or an 
ncrease of the normal tissue may result from \ 
found stimuli (callus-homooplasia). The f J 
cells may be abundant after an injury owing A ) 

to active cell division and heteroplastic tissue \ \ ' 

irises (callus-heteroplasia). When excres- / J 

:ences arise, which are composed of cells very \ \ f ^ 

ittle differentiated and of the simplest form, E / 

hey are called cataplasms. If produced after | 

ajury, they are found to differ greatly. The | 

issues produced after an injury, if resembling | 

:ork., ace termed wound-cork, if similar to those jl 

)f wood, they are called wound- wood and I 
vhere we have the healing tissue composed of a 

learly homogeneous parenchyma, it is called Pm. 150.— Longitudinal 

L • 1 j, section of a callused end of 

timply callus. ^ c, C, Callus Oe- 

Callous tissue may be formed as wound veloped from cambium; fi. 

• J. _ ^ 1 . Ti- u wood; R, bark. [After 

tissue m very difierent plant groups. It has p, ijg,) 

been found in the algal fungi and vascular 

cryptogams. The woody seed plants have been studied carefully as 
to the formation of callus, because of its economic importance in forestry 
and horticulture. Rose, poplar, or willow cuttings kept in moist air 
and at a proper temperature after a few days form a ring-like tissue 
excrescence from the cambium of the cut surface. This spreads out 
fapidly and finally closes over the wound. Such rolls of tissue have 
called callus (callus, hard skin). 

Callus at least in its first stages appears in the form of*a ring, some- 
times it is irregular in its formation, often being lacking in some places 
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and this is sometimes due to limitations of space relations. Sometigjg 
the callus is most luxuriant, as in cuttings of Fopulus pvrawUt^ 
(Figs. 150 and 151) and Lamium orvala (Fig. 152), which produces 
largest callous rolls among herbaceous plants. All organs of the phn 



Fro. 151. — Cross-section of a calloused end of a Fig. 153. — Stem o.| 
poplar cutting. G, Vessel; M, pith ray. {After Lamium orvala with strong cal- 
Kiisler, p, 159.) lous growth. {After Kiiskr\ 


are capable of producing callus, such as roots, stems and leaves, yet 
all parts of all plants do not have the capacity of forming it. Such 
growth seems to reside in the living elements of exposed tissue and the 
productive power of different kinds of tissues varies greatly. Cam- 
bium is the most active layer in the production of callus and nexttc 
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jie cambium the primary and secondary bark tissues. The epidermis 
>lays unimportant rdle. Pith also can develop callus. 

The investigations of R. Hoffman, Kiister and Stoll go to show that 
he canibial cells when division takes place after injury are not re- 
tricled to the mode of normal division but can grow in every direction, 
t i5 certain, therefore, that the conditions of changed pressure are of 
mportance and significance, and yet this fact alone is hardly sufficient 
lo explain the phenomena of growth subsequent to an injury. The 
cell divisions are very regular and rapid in those woody plants which 
form callus. 

Cuttings of woody plants, such as Populus pyramidalis (Fig. 150), if 
placed in water and covered with a bell glass, so that the upper end 
extends above the water into the moist air, shows early division of the 
canibial cells near the upper wounded surface. We find these cells 
are divided by walls perpendicular to their long axis, and in a lively 
manner, by forming tangential walls, causing an abnormally intensive 
growth in thickness of the cutting near the injured place. A strong 
callus has been formed by abundant division of the cambial cells and the 
cutting assumes a club-shaped form at its upper end. The wedge, 
which is formed in this way between the wood and bast, has been termed 
by Th. Hartig the “Lohdenwedge,” which might be termed more ap- 
propriately in English the healing wedge. In the formation of this 
wedge, the cambial cells have divided just as under normal conditions, 
but the relief of pressure has caused some of the outer cells to protrude 
to form the enlarged part of the wedge with the outer cells bent 
strongly. Primary bark as in Salix easily forms callus, and petioles and 
leaves often form abundant callus. 

Histologically the tissues of callus are distinguished by the slight 
diSerentiation of their cells. The cushions of callus in many kinds of 
cuttings are made up of the same kinds of cells and in a homogeneous 
fashion. The cells are typically nascent ones with thin cell wall, pro- 
toplasmic contents and a colorless cell sap. If the growth is slow, the 
callous cells are small and closely fitted together, but with rapid growth 
the cells are large and loosely placed with conspicuous intercellular 
spaces. Tracheids are absent from the upper cells of the cushion of 
callus, but in the lower part of the healing wedge some of the cells 
assume the tracheal character. The formation of a tegumentary layer 
is next to the development of tracheids the most interesting process of 
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differentation in the callus. The callus of poplar cuttings is favorablt 
for a study of its formation. The outer cells of the wedge of healin# 
are long and pouch-like, and their outer walls give the cork reactio,^ 
since they take up Sudan III with avidity, and at the same time are 
colored with hydrochloric acid and phloroglucin. Sooner or later j 
cork cambium is produced in the outer cell layers of most callous for- 
mations. Massart, who first studied the nuclear phenomena in callous 
tissue, rarely found that the cells contained more than one nucleus 
He found that direct nuclear division took place after wounding in 
Cucurbita, Ricinus and Tradescantia, while Nathansohn found mitosis 
in the callus of the divided roots of Vida faha and both mitosis and 
amitosis in that of poplar cuttings. 

Conditions of Callous Formation 

The behavior of cuttings from different plants varies within rather 
wide limits. Some cuttings develop callus quickly, others slowly, and 
the quality of the callous tissues differs as greatly. The poplar develops 
a large amount of callus, while cuttings of elm, willow and oak form 
only a low callus ring. Organs rich in foodstuffs form callus more 
quickly than those poor in food materials. For example, the cotyle- 
dons of Pkaseolus and Vida, rich in proteins and starch, develop callus 
to an extraordinary degree. Moisture is an important factor in the 
formation of callus, for it is formed in water, but better in moist air, 
and not at all in dry air. Cuttings of poplar with both cut ends in 
moist air develop callus at both extremities, but usually there is a 
polarity shown. Cut-off petioles of the poplar form a more prolific 
callus at the basal end of the petiole than at the end nearer the leaf 
blade. With stem cuttings, the callus is best developed at the basal 
end in preference to the apical. Pieces of dandelion roots, 3 cm. long, 
kept in a moist place, show most abundant callus on the upper stem 
ends and not at all, or only slowly at the apex, but in alfalfa a power- 
ful tuber-like callus is produced at the root end and feebly at the sprout 
end. So that having varied the external conditions of their formation, 
it becomes evident that internal conditions are active and these prob- 
ably depend upon inequalities in the nutritive condition of the cut 
parts and also on the direction of established sap flow. 

Loosely connected with pathologic anatomy are the regenerative 
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Ijrpcesses; which result in the formation of the vegetative points of roots 
Ld shoots following an injury. Following an injury in very many 
toody plants, there is a formation of adventitious roots and adventh 
[ious slioots which grow from vegetative points developed directly 
[rom the permanent tissue of the wounded plant organs, but this opera- 
tion is necessarily preceded by formation of callus and in some cases 
the new vegetative points are developed directly from the callus, 
tpon these functional operations depend the success of the horticultural 
ftperations of the making and establishment of cuttings of roots, stems, 
and leaves. A very large number of plants may be raised by means of 
cuttings. Soft-wooded, or herbaceous cuttings having leaves are used 
iu many cases, the shoots being in a half-ripened condition, that is 
aeither too young nor too old, dry and woody. Such cuttings are 
isually inserted in sandy or gritty soil, and most of the leaves are 
stripped oft to check transpiration of moisture. Several leaves are 
'etained, so that a certain amount of assimilation can be carried on to 
Induce callus formation. 


WOUND-WOOD 

The wood, which is formed on the surface of the exposed wood of 
he stem and on the inner surface of the detached bast, is distinguished 
rora ordinary wood by its abnormal structure, and especially by the 
hortness of its cells and the absence, or scarcity of vessels. Hugo de 
ihies,^ who was the first to direct attention to this abnormality, called 
;uch wood, wound- wood. Such abnormal wood is distinguished from 
:he normal xylem by its simple histologic character, and is to be added 
:o the list of cataplasms. 

The difference between wound-wood and normal wood depends 
ipon whether Its formation has been brought about by cross cuts into 
:he cambium, or by longitudinal wounds. In the latter, the wound- 
'Vood is distinguished by a wide- celled structure and by more numerous 
lucts than in normal wood, but the libriform fibers are less in evidence. 
Sugo de Vries studied Caragam arbor tscens and proved that the 
'^ound stimulus caused the formation of wound tissue 7 cm, from the 
vound itself. The nearer the cells of the cambium are to the wound 
Ae more cross walls are formed, so that the short-celleH zone of the 
^ de Vries, Hugo; Ueber Wundholz. Flora, 1876: 2. 
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wound- wood is produced near the place of injury, the transitional forug 
at a greater distance and then the long-celled zone, which is 
from undivided cells of the cambium. The daughter cells of the rajjj. 
bium of the short-celled zone form near the edges of the injured pan 
a wound-wood composed of polyhedric fundamental tissue cells re! 
sembling the medullary ray cells of normal wood, only a few of suchdf. 
ments develop into parenchymatous tracheids. The cells of the long, 
celled zone retain the character of wood parenchyma, but between them 
narrow vascular cells united into strand-like groups are formed, while 
wood fibers and broad ducts are absent. Such formed elements have 
been termed primary wound- wood by de Vries, and later, there occurs 
the production of a secondary wound-wood in which the cells graduallr 
assume a normal form. Abnormal resin ducts are formed in wound- 
wood and these ducts are often more numerous in abnormal wood that 
in the normal. 

Sometimes the wound-wood does not form definite stratified tissues. 
Occasionally tracheid-like cells are found in the callus which become 
united into ball -like groups separated from the normal wood. Wood 
fibers, which have an irregular course, have formed the gnarled wood. 

The pith may take part in the formation of wound-wood, for it is 
highly capable of producing callus, and also from the ground ti.ssue of 
injured leaves. No definite outer form is characteristic of wound-wood. 
Frost action may kill the cambium in places, and if the dead places are 
surrounded by cushions of wound- wood, then we speak of frost canker. 
Frost cracks are filled with wound- wood, which close up the wounc 
followed by the formation of a frost ridge. Such canker tissue may h 
destroyed during a frosty spell and a new attempt to form callus results 
in the addition of new wound- wood to the old and frost cankers are 
formed. 

Sometimes without an injury, tissues resembling wound- wood are 
formed by the activity of the normal cambium, or from a newly formed 
independent cambium. Under some conditions, the parenchyma of 
the medullary rays increases at the expense of the formed elements of 
the wood, so that broadened medullary rays are formed. Fasciated 
branches frequently show such broadened medullary rays. Tuber-like 
gnarJs are formed in fruit trees that have stone fruits, and also w 
beech bark and the structure of gnarls has been investigated by 
Sorauer, and the bark tubers of beech by Krick. 
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WOUND-COIOC 

Injury to different plant organs such as roots, tubers, rhizomes, 
ems, inflorescences is followed by the formation of cells 

rows and adjacent to the place of injury. The walls of these new 
ills react to sulphuric add, chlor-iodide of zinc and Sudan III and the 
)plication of such reagents demonstrates the formation of cork, 
hich has been termed wound-cork. It is developed generally on all 
irts of the wound, and at its edges connects directly with the normal 
embranes, thus closing the wound. The walls of wound-cork cells 
e always thin and are often folded, and the cork cells thus formed ar^ 
r^er than those of the phelloderm. A stem wounded by a knife cut 
on heals up unless disturbed. The cut cells die, while those next 
low grow out as a result of the decreased pressure, giving rise to cork 
Us. As the opposing cushions of callus close together, this cork is 
ueezed between them and finally a shearing of the cork cells results 
the tips of callus close together and unite. The only external sign 
the wound is a slight ridge-like elevation beneath which are traces 
the dead cells and the cork trapped here and there beneath the ridge, 
ormally, w^ound-cork closes over the broken surface of the scars 
rmed in the autumn by the fall of the leaf, which is actually occasioned 
' the formation of a cork layer, which cuts off the leaf from the stem. 



CHAPTER XXr 
GALLS 

Galls may be defined as all abnormal tissues produced by the actioa 
of animal, or vegetal parasites. The great majority of galls arise either 
through the growth of cells alone (gall hypertrophy), or by cell division 
(gall hyperplasia) . The number of galls constructed heteroplasticaliy is 
very large, exceeding the diverse gall hypertrophies. Galls of heteroplastir 
origin occur in the most diverse kinds of plants and on all organs of thest 
plants. The term gall, or cecidium (cecidia), is applied to those varia- 
tions in form which are caused by foreign organisms. In the forma- 
tion of the cecidium, an active participation of the host plant is neces- 
sary and the biologic connection between the host plant and the gall- 
producing organism must be considered. Only those cases fall within 
OUT purview in which abnormal tissues are produced. 

Considered biologically and etiologically galls form a well-defincdi 
group without, however, any one feature common to all. Even when 
considering only gall hyperplasias, we will find no common characteristics 
except that a production of heteroplastic tissue is involved in all. This 
is either extraordinarily simple histologically, showing little or no difier- 
entiation, or there are specific differentiations which produce structures 
entirely distinct from those of normal tissues. The first kind are cata- 
plasmic galls, and the second kind prosoplasmic. Galls may be clas- 
sified as to their morphologic characteristics, as well as by their histolo- 
gic. They may be found on every part of plants, roots, stem, branches, 
leaves, flowers and fruits and plants capable of producing galls belong- 
ing to all groups of the plant kingdom. 

The following descriptive terms for galls will serve as a rough clas- 
sification of their morphologic forms. Connold^ gives an example of 
each kind. 

As to morphologic character, galls are: axillary, coalescent, con- 
glomerate, cymbiform, elongated, globose, glossy, gregarious, hiisutt 

* CoNNOLD, EnwAxD T.: British V^etable Galls, igoi: 24-25. 
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imbricate, pedunculate, pilose, pubescent, pustulate, rugose, rosaceous, 
icabious, separate, sessile, solitary, spiny, rolling and thickening of the 
upon the upper surface of the leaf, upon the under surface of the leaf, 
jpon the margins of the leaf. Some cecidologists would classify galls 
jv the causal animal or fungus, by the natural families of the host 
plants, according to the situation of the galls upon the plant, according 
;o their modes of growth, etc. Anton Kerner in his “Natural History 
)f Plants " (translated from the German by F. W. Oliver) divides galls 
nlo simple, where one plant organ is involved, and compound, where 
leveral jjlant organs are concerned in their formation. The simple 
jails he divides into (u) felt galls, (6) mantle galls and (c) solid, or 
abicular galls. 

Cataplasmic galls are often produced by the action of parasitic 
ungi, which invade the interior of the plant after an infection by ani- 
iials, which by their wanderings over the surface of the plant may en- 
irge the field of their stimulation. Domiciled organisms are the cause 
li prosoplasms, where the extent of the field of stimulation remains the 
ame under all circumstances, and is effective only in certain phases of 
he development of the host plants. 

The etiology of galls is of great interest. Malpighi in his “ Anatome 
’lantarum” published in 1675-79 attributes the formation of insect 
alls to the action of a poison excreted by the gall insect, Darwin and 
lofmcister explained galls, as the action of different kinds of poisons, 
lie stimuli, which cause the formation of galls, is undoubtedly chemic, 
ame unknown substances excreted by the causal parasite, excite 
he cells oi the host plant to growth and cell division and to different 
Inds of differentiation. We know nothing definite about the chemic 
abstance, nor have the attempts to produce artificial galls been sue- 
essful. Traumatic stimuli, too, must come into play, for injury to the 
lant goes hand in hand with infection, for the first stage of the develop- 
lent of galls resembles callous tissue. The galls produced may be due 
3 plants, phytocecidia, or to animals, zoocecidia. The fungi and a few 
owering plants are largely responsible, while dipterous and hymenop- 
srous insects and mites are gall-producing animals. 

(a) Cataplasms,— Cataplasmic galls arc those which are distin- 
aished from the normal tissue of the corresponding organs by the small 
■i^ouni of their tissue differentiation. The cell elements ftiay often be 
bnormally large, and the union of these elements usually forms a thin- 
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F[g 1 53. — Tubercles of velvet bean produced by inoculation. {After Moore, Geo- 
Yearbook, Dept. Agric., 1902, pl. xxxvii.) 
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ffalled often homogeneous parenchyma, while in other cases the cata- 
plasms are marked by the absence of any definite form, or size. Almost 
all phytocecidia, or plant-induced galls, are cataplasmic. The swell- 
ings on the roots of various members of the Cnucff E»iE caused by the 
slime mould Plasmodiophora brassica are of this nature. It is known ^ 
as Hanbury, clubroot, finger- and- toes by the practical grower of 
plants, Root nodules, or tubercles, are produced on the roots of legu- 
minous plants by bacteria (Figs. 153; 154, 155, 156), which can utilize 



PiG. 154. — ^Cross-aection of root tupercle of Lupinus angustifolitis containing bac- 
teria, X 46, {After Moore ^ Geo. T„ Yearbook Dept. Agrtc. pL xxxviii, 1902.) 


free atmospheric nitrogen and by their activity the leguminous plants 
secure large amounts of nitrogen. A species of Actinomyces, or ray 
fnngus, is probably the cause of the mycodomatia of Myrica. Bacteria 
also cause tumors on the Finus halepensis and Oleaeuropaa, on the latter 
in the nature of a crown gall suggested to be somewhat like animal 
cancer (Figs. 157, 158, 159). Recently Erwin F. Smith in relation to 
the abnormal multiplication of the tissues which result in a crown- 
gall tumor, or hyperplasia, concludes that the removal of growth inhibi- 
tions is brought about by the physical action of substances liberated 
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within the tumor cells as the result of the metabolism of the inj, 
prisoned bacteria {Pseudomonas iumefaciens). Growth of the tumor 
comes about not by the direct application of stimuli, but iruhrectlv 
by the removal of various inhibitions. Under normal conditions the 
, physiologic brakes are on, at all times, more or less, in both plants 
and animals, and only when they are entirely or largely removed in 



Fio. 155. — Cross-section of one lobe of tubercle of Lupinus angustifolius, cm- 
taining bacteria, X circa 60. {After Moore, Geo. T., Yearbook U. S. Dept. A^rU- 
pi. xxxviii, 1902.) 


particular areas do we observe an unlimited cell proliferation result- 
ing in the hasty and peculiar growths known as neoplasms, or cancers 
(Figs. 158, 159). Various weak (dilute) poisons are known to cause 
cell proliferations in plants — that is, copper salts, ammonia, salts of 
lithium, and the excretions of the larvae of gall flies, of certain nema- 
todes and of various fungi. ^ 

The true fungi {EVMYCETES), including all the important groups 

^ Smith, Ekwin F.: Mechanism of Tumor Growth in Crown gall. Journ. Agric. 
Res. viii: 165-186, Jan. 29, 1917, with 65 plates. 
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form cataplastic plant galls. Galls are due to species of Synchytrium, 
to the scidial stage of the rusts on violets, barberries, nettles and buck- 



Fig. i56.~Longitudinal section through red clover rootlet, showing formation 
tubercle.- » c, Rootjhairs; normal root parenchyma; c, vascular tissue; d, infected 
areas showing infection strands; e, growing cells of tubercle, (Fig. 44, page 95, 
Schneider, Pharmaceidkal Bacieriology, 19J2.) 
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Fig. is 7* — Stem tumors on an old apple tree at Mesilla Park, N, Mex. {Afier Btdi- 
cock, G. G,, Circ. 3, U.^S, Bureau of Plant Industry, May ii, 1908.) 
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Ulorns. Branches of V accinium vUis-id(ea are enlarged by Coiyptospora 
^ofpperlkna and those of J umpetus and Ckaimcypam by rusts of the 
kenus Gyy^inosporangium. Various species of the genus Exohasidium 
Loduce soft, edible galls. All such galls are mycoceddia (Fig. 84), 

[ Various algae, such as Cystoseira opuntioUes, C. ericoides, and Ecto- 
carpus Vaiiantei, live parasitically and cause tissue excrescences, while 
the higher plants, especially of the family Loranthacej:, produce large 
galls and the so-called wood roses on their host plants. These wood 
toses ire formed by the woody tissues of the host forming a ridge-like 
Tfowth about the clasping part of the parasite. 

The animal-produced galls known as 
Imcccidia are some of them of cataplastic 
Inature and are caused by nematode worms, 
insects and mites. The most important 
nematode worm responsible for the forma- 
tion of galls is Heterodera radicicola^ which 
lattacks many cultivated plants both in the 
greenhouse and in the open. The mite 
galls include the fleshy (hyperplastic) curl- 
ings of the leaf edges, shoot tips of various 
woody plants. Erineum galls, consisting of 
multicellular cones and ridges, are to be 
.placed here. Dipterous insects produce 
galls with a prosoplasmatic structure, while 
the cataplasms produced by them have the 
form of fleshy curlings of the edges of the 
leaves of the host plants. Galls are produced fiq, 155,— Crown gall on 

also by the attack of bugs, aphids, or plant 

, ait' > r cultural Backrtology.p^. 306.) 

nee, leaf wasps and gall wasps. They are 

found on roots, stems, leaves, inflorescences and fruits. Such are 
those on the roots of the grape due to Phylloxera mstatrix, etc, 

Histology of Cataplasms. — Usually aside from the slight tissue 
iiflerentiation cataplasms are composed of abnormally large cells with 
in abundant protoplasmic content and sometimes with red cell sap, 
tiso a large starch content. The primary and secondary tissues are 
loth involved in the formation of the galls. 

Primary Tissues. — Leaves, which are infected by fungi on which are 
wnied mycoceddia, show an arrestment of the tissue differentiation. 
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For example, the distinction between the palisade and spongy 
chyma is often lost, because the palisade layer is not formed as such 
and sometimes the spongy parenchyma undergoes a rich proliferation 



Fig. 150 - — Section of tobacco. Margin of infected needle wound. Tunior,ii 
middle part of back parenchyma; sieve tubes at x. (After Smith, Brown, McCullo:^ 
Bull. 255, U. S. Bureau of Plant Industry, 1912, pl. cl.) 

and red pigment sometimes appears. The same failure to form the regu 
lar tissues is displayed by the zoocecidia. The vascular and mechani 
tissues may also undergo the same reductions in cataplasm, as do th 
assimilatory tissues, so that the vascular bundles in infected parts ar 
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ufien or.iy moderately developed. Wakker describes the disappear- 
ance collenchyma in the staiks oi VacdmMw wlw-/d<®ainiected 
with Exobasidium. Hyperplastic excrescences may be found by the 
jiith as in branches of Clematis attacked by jEcidium En^lerianum, 

Secondary Tissues. —Vridtr this head will be considered the products 
si the cambium. The formation of galls may be due to the division of 
the living derivatives of the already-formed annual ring, or is in wound- 
wood, its own cells are used in the production of the cataplasmatic tis- 
sue. The wood and bark swellings formed by the attack of animals and 
ungi may be clustered or knob-like and resemble the frost-induced 
:aakers or even the witches' brooms. 

Abnormal wqpd found in many woody galls is induced by many 
ungi belonging to the genera Dasyscypha, Gymnosporangiunt and Peri- 
iermium, by insects, and by parasitic flowering plants. A character- 
stic feature of such galls is the abnormal increase in the parenchyma, 
noduced by the division of the cambial derivatives, which give rise to 
noup of parenchymatous cells. Sometimes the cambial rays are 
)roadened, so that extensive continuous masses of parenchymatous 
rood are produced. The same kind of tissue formation is seen in an 
ixamination of mycocecidia and zoocecidia. The mycocecidia may be 
ilustrated by a brief consideration of the spindle-like, or ball-like, 
roody galls induced on different species of Juniper us by forms of the 
;enus of rust fungi, Gymnosporanpum. In the diseased wood^ the 
lifference between the spring and autumn wood is scarcely recognizable, 
tud the parenchyma occupies a relatively broad space, The cambial 
ays in the parts of the branches infected by Gymnosporanpum clavar' 
cejorrn, instead of being only two to ten cells deep, are often ten to sixty 
ells deep and at least three cells broad. The woody gall of Gymnospor- 
npim jumperi-virginiana shows still broader cambial rays, when 
iewed in tangential longitudinal section. According to the investi- 
ations of Reed and CrabilV the cedar apple gall is a modification of 
he leaf of the red cedar (Fig. i6o). The cedar leaf parenchyma makes 
ip the greater portion of the cedar apple with the fungous hyphaj in 
he intercellular spaces of the parenchyma cells. 

The fibrovascular .system of the gall is a modified continuation of the 

‘Heed, Howard S. and Cbabill, C. H.: The Cedar Rust Disease of Apples 
'aused by Gyfnnosporangium Jumpm-Virginiana. Tccbniea) Bull. 9, Va. Agric. 
hper. .Sta., May, 1915. 
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fibrovascular system of the cedar leaf (Fig. i 6 i). From, err neartlij’ 
base of the cedar apple, where the vascular elements are much co^J 
torted, arise many branches, which extend radially almost to the cortex 
Harshberger^ has investigated the galls produced by two species o| 
Gymnosporangium on the coastal white cedar, Ckanuecyparis ihyoUa 

and Stewart^ has published ail 
account of the anatomy o{ 
Gymnosporangium galls 
Peridermium galls. 

There may be an over pro- 
duction of the wood paren- 
chyma and the parenchymatous 
elements may divide without 
abnormal widening of tk 
annual ring. The production 
of abnormal resin canals which 
are always surrounded with 
parenchyma illustrate this 
point. Hartig produced an in- 
crease of resin ducts in the div 
eased areas of coniferous trees 
infected by Armillaria mellen. 

Abnormal .—Many gall 

formations exist where exten- 
sive bark excrescences. are pro- 
duced whereby there is an ab- 
normal formation of paren- 
„ , ^ ^ , chyma. An examination oi 

Fig. IDO. — U nopenea cedar apples on red . , 

cedar. Juniper us virginiana. {After Jones the galls due tO SpeCies 01 
and Bartholom^ Bull. 251, Agric.Exper.stat. Gymnosporangium shows that 
Untv. Wtsc., July, 1915.) / 

the bark and wood form excres- 
cences simultaneously.' Wdrnle found that in weak branches of 
Juniperus communis a rust fungus, Gymnosporangium clavariajormt, 
incited the bark to form woody parenchyma. 



^ Hakshberger, John W,: Two Fungous Diseases of the White Cedar. Pw- 
Acad. Nat., Sci., Phila., 1902 : 461-504, with 2 plates. 

* Stewart, Alban: An Anatomical Study of Gymnosporangium Galls. 

Journ. Bot, ii: 402-417, October, 1915; Notes on the Anatomy of Peridermium 
Galls, do, iii: 12-22, January, 1916. 
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fUcks' Brooms and Bia^-kcad,—Th^ branches of the silver hr, the 
jirers; and portions of stem of vaiions species of plants are trans- 
ffDied into witches’ brooms, or stag-head by the action of fungi of the 
enus Exodscus and in the silver fir by Mcidium elatinum. The shoots 



Fic. i6i. — Diagram of a longitudinal section of a cedar twig bearing a small 
fidar apple in June, o. Epidermis of cedar leaf; 6, sclerenchymatous layer; c, fihro- 
'iscukr bundle; d, resin gland; e, parenchyma; /, parenchyma of cedar apple; g, 
ibro- vascular system of cedar apple; h, cortex* {After Reed, H. S,, and Crahill, 
H., Techn. Bull, g, Va. Agric. Exper. Siat., May^ igisO 

ire annual instead of perennial and are always sterile and branch out 
ito broom-like, or antler-like forms called thunder busheg by some. 

(6) PROSOPLASMS. — ^Those galls are included, as prosoplasms, which 
■Jo Rot have arrested tissue differentiations, nor in which callus tissues 
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are found, but^in which new kinds of tissues are formed differing 
the normal and in which definite proportions of form and size normal y 
the species are repeated in them. Therefore, prosoplasms display y 
their external form, something independent and well defined fromtln 
organs of the normal plant both internally and externally. Hyper, 
plastic tissues of this sort have been found until now only in the excres 
cences caused by parasites and almost entirely those of the anima, 
world, which produce zoocecidia. Six different orders of insects aretht 
principal producers of galls and various fungi. They are as follows 
The Acarina, or Mites of diminutive size, produce galls of simple iom 
and structure. 

The Diptera, or Flies, cause many prosoplasms. The galls produced 
by the gall gnats, or gall midges, are very different in character andohei 
very complicated. 

The Hemiptera, which include the aphides commonly known a; 
green fly and plant lice, also produce numerous usually simple proso 
plasms. 

The Hymenoptera, or galbwasps, produce striking galls on account 
of their size, diversity and complexity of form external and internal. 

The Coleoptera and Lepidoptera (Heterocera) are responsible t'o! 
relatively few galls, and if formed their structure is relatively simple. 

There are several plant-produced galls, or mycocecidia, in whicl 
there is a regular arrangement of certain elements such as the cells ii 
which anthocyanin is formed. Ustilago Treubii causes the productio 
of canker-like excrescences on the stems of Polygonum chinense, whic 
consist of spongy, parenchymatous, wood tissue. The excrescencei 
which develop from the canker swelling, are fleshy, succulent, easil 
breakable, irregularly bent, cylindric and often longitudinally furrowe 
broadened at the top like the head of a snail. The fruit galls, whicli 
represent the part which produces the spores of the fungus, are repre 
sented by this part of the gall. 

Histology or Galls 

Three types of abnormal cell divisions, connected with the formatioi 
of galls, may be distinguished, according to the direction that the di 
vision takes. In the first type, the regular orientation of the trans 
verse partitions cannot be recognized in young galls. In the sceow 
type, the cells divide usually in a plane perpendicular to the upper sui 
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Ifc oi the aSected organ. The third type is Vfhere no d^nile direction 
[ cell division may be found. "" 

! The tissue material used in the formation of galls may be considered 
^om several viewpoints, Thomas asserts that only those tissues are 
tie to form galls which are attacked during development, or in other 
rords permanent tissue cannot form galls and this is certainly true of 
itosoplasmaiically formed galls, but with cataplasms there seem to be 
xceptioas, where callus has been formed from bark parenchyma several 
ears old. Definite experimental proof of the contested points cannot 
e obtained, because all attempts with experimentally producing cecidia 
avc failed. It is certain, however, that many galls are produced from 
ampletcly undifferentiated tissue, that is, from the primary metis tern 
[the tips of shoots, or from callus tissue, but not from cells and tissues 
ith lignified walls. It has been proved that all living ceils belonging 
1 the epidermis, the ground tissue, or the vascular bundle tissue, can 
ider certain circumstances participate in the formation of galls. The 
iandamenUl tissue, or parenchyma, produces the largest mass of the 
tails, and it should be remarked in passing that the pith, bark and 
nesophyll cells often proliferate with astonishing luxuriance. If in 
eaf galls, for example, the infected part of the leaf becomes ten or twelve 
imes the thickness of the normal leaf, it is in nearly all cases the meso- 
ihyll which has been active, for in nearly all galls the tendency to form 
larenchyma is striking. The epidermis is concerned only occasionally 
a the formation of galls and the chlorophyll content of galls is scanty. 

The comparison of galls with animal tumors has been made but in- 
dvisedly because with the exception of a diseased new formation of 
kue being involved and in the absorption of appreciable amounts of 
oodstuffs from the fundamental tissue galls and tumors have little in 
ommoii. Galls in contrast to tumors are developed by a typic infection 
wwth. Mixed swellings occur in galls where epidermis, bark, meso- 
'liyll and other tissues unite to form an homogeneous whole while no 
timor is known, which consists of characteristic tissue zones of such 
liversity as those of the galls of the dipterous insects. 

CECIDIAL TISSUE FORMS 

We ace next concerned with a study of the different kinds of tissue 
oiras in galls and in their consideration we will treat first the two most 
®portant, namely, the protective and nutritive tissues. 
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Protective Tissites . — The protective tissues of galls consist of 
epidermal, or covering tissues, and the stone cells which form partoj 
the mechanic tissue. The epidermal tissue will be considered as a pro- 
tective tissue irrespective of its origin whether from the epidermis of 
host, or as a new formation. The outer epidermis of sac and walled 
galls consists of relatively large, often fiat cells which have a cuticle ol 
moderate development. Occasionally this epidermis may consist ol 
more than one layer. A gall found on a Californian oak Quercus 
zeni, has the outer walls of its epidermal cells and the upper part of the 
side walls thickened so that the cell cavity becomes conic in shape (Fig 
162). Cork, as a covering for galls, is extremely rare. Wound-mk 
is found occasionally in these galls, while bark is even rarer in a few 
apterous galls. 

Hair structures, or trichomas, are not unusual in galls. The 
majority of prosoplasmatic galls are naked or only slightly pubescent 
and some galls are entirely without any covering tissue. 

Mechanic Tissue .— consist of stereids (sclerotic, or stone cells) 
or sclerenchyma fibers almost entirely and they surround the larval 
chambers so that their occupants are protected from outside pressure, I 
or sudden blows. Lacaze-Duthiers called the stone cell tissues in galls 
‘‘couche protectrice.” The arrangement of the stone cells, their 
structure and their position in the gall tissues are of the greatest diver- 
sity. In the majority of cases, the stereids are round, in other galls 
they are angular, while in others, they are stretched like palisade cells 
and stand perpendicular to the upper surface of the gall body similar to 
those in many fruit and seed shells. Sometimes the sclereid cell is thick- 
ened only on one side, the delicately walled part being outside as in the 
galls of Andricus quadrUinealus and sometimes they are inside as in an 
elliptic gall of the oak, etc. The walls of the sclereids may be pitted, 
and, therefore, porous, while in other cases the pitting may be very 
scanty and other peculiarities have been described by pathologists 
who are intimately acquainted with- the structure of galls. 

Nutritive Tissues . — The tissues of galls which are eaten by the animal 
occupants of the different galls, or the contents of which are beneficial 
to the larvae have been termed by cecidologists nutritive tissues. The 
position of these nutritive tissues in the galls and their contents must 
be considered next. No gall is entirely without nutritive tissues and 
these not infrequently form the largest part of the gall and in those 
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forme<l by dipterous insects the nutritive layers are often sharply sepa- 
rated tfom the mechanical tissue adjoining. The epidermis of the gall 
n^ay represent the nutritive tissue when it develops as an inner hairy 
lining larval chamber. Albuminous substances are found in such 
papi/la, or hairs, as well as drops of fat and small grains of starch, so 
that the larvse are surrounded by abundant supplies of a rich pabulum. 
Nutritive parenchyma may be formed within the mechanic mantel and 
here it is available to the larval occupant of the cell (Fig. 162). In 



Fig. 162. — Cross-section of an un- Fig. 163. — Insect gall on scrub oak, 
known gall on Quercus Wislizeni. Ep, Quercus nana,Aut\.o gdX\ insect, Ampki- 

riiJermis; Mi, outer mechanic mantle; bolips ilkifolia with interior of gall. 

5 (, starch-filled outer nutritive layer; Pine Barrens near Chalsworth, N. J., 

ill. inner mechanic, mantle. {After May 27, 1916. 

Kiisla, p. 252.) 

other cases, the food materials are stored outside the mechanic mantel, 
and they become available only by the larvBe breaking through the 
stercid layer. The cells of the nutritive parenchyma are usually iso- 
diametric, elongated and sac-like forms, or as delicate cell threads. In 
the highly organized galls of the Cynipidae, the cells of the innermost 
layers on. which the larvae feed contain a cloudy dense cytoplasm in 
which small fat globules are seen and this layer may be termed appro- 
pf lately the protein layer. A starch layer lies outside of the protein 
layer. Here the cells contain ' starch. Besides the nutritive bodies 
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just mentioned occur tannic substances and lignin bodies. The latter 
are produced at corners where several cells come together as local 
thickenings of the walls, It is improbable that this lignin is nutritive 
in function. 

Tissues of AssimilaHon,- — Almost all galls are characterized by the 
almost entire absence of chlorophyll. In a few galls, if present, the 
chloroplasts are small, twisted and feebly colored besides being extremely 
scanty. 

Vascular Tissues.— The tissue of galls is intimately associated wiili 
the vascular bundles of the host plants on which the galls occur and 
some are actually formed from the tissue of the vascular bundles, in- 
side the galls the vascular strands are usually delicate cords both in 
cataplasms and prosoplasms. Where they occur inside galls, we find 
that their individual elements resemble those of the normal bundles. 
In a few exceptional cases, as in the galls of A ndricus albopunctalm, 
these are concentric bundles. The arrangement of the gall bundles 
varies greatly for we find them in a circle, or they pass through the barlf 
of the gall as a delicate network. 

Tissues of Aeration. — The structure of many galls is an open poroui^ 
one (Fig. 163). The gall parenchyma cells in some cases are star- 
shaped, fitting together by their projections, so that large intercellular 
-spaces are formed. Stomata and lenticels constituting pneumathodes 
are found in galls. The stomata, however, have lost their ability to 
close and remain, therefore, permanently open. Lenticels are present 
in some cases. The stomata and parts of the epidermis disintegrate and 
large roundish lenticels develop beneath them. Perhaps this aerating 
tissue enables the larva to get sufficient oxygen for its metabolism. 
Anthocyanin is present in the cells of many galls, as their red cheeks 
abundantly testify. 

Secretions and Secretory Reservoirs. — The elements concerned with 
secretion in the normal epidermis are present in galls in unchanged form, 
or they are increased, richly furnishing the secretions which are asso- 
ciated with gall formations. Less frequently new forms of secreting 
cells and tissues are found in galls. Crystals of calcium oxalate are not 
found usually in galls, but yet their entire absence is a rare feature. 
In some cases, the crystals when present are associated with the stereids. 

The presence of tannic bodies has been noted previously, and it 
seems that the tannin is found in the cells of certain gall tissues. The 
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luter cell layers in some of the galls produced by Cvnipid^ is rich in 
aniiin, so that these galls have been used from time immemorial in 
lie tanning of leather and in the. production of ink. Tannin balls occur 
n the nutritive parenchyma of many galls and are devoured by the 
arvs of the same. 
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CHAPTER XXXII 


mechanic development of pathologic tissues 

Our study of plant pathology would not be complete without a brief 
reference to the reactions which influence the genesis of the abnormal 
tissues of diseased plants. The investigation of these questions is a 
matter of recent development ever since prominence has been given to 
the experimental methods of studying plant diseases and abnormalities. 
Kuster gives considerable prominence to these problems in the second 
edition of his ‘‘ Pathologische Pflanzenanatomie” (pages 328-398), 
where we have the last and most authoritative treatment of the subject. 
As an important factor he mentions the reaction ability of the living 
cells, both in normal cell division and with inequalities in cell division, for 
it is recognized that unequal division of the dividing cells plays an im- 
portant part in pathologic plant anatomy. The polarity of cells is 
another important element to be considered by the pathologic anatomist, 
for if by unequal division, there is produced a change in the polarity of 
the cells concerned in such division, the tissues which arise from such 
cells will show a different kind of differentiation. 

Miehe has demonstrated the physiologic polarity of cells by plas- 
molyzing the cells of a marine species of Cladophora. He found, after 
the destruction of the continuity of the protoplasm from cell to cell by 
plasmolysis, and the transference of the plant into a solution of deter- 
mined concentration, that elongated filaments developed, and that 
rhizoids developed from the basal pole of each of the cells. The epi- 
dermal cells of the leaves of linden, Tilia platyphylla, when attacked by 
Eriophyes tiiie develop long cylindric trichomes from the same pole 
of each cell. 

The reaction capabilities of the cells of different tissues are both 
fiuantitative and qualitative. The cells of the epidermis, parenchyma, 
sap bundles react differently and this is expressed in the formation of 
intumescences, callus wound-cork and wound-wood out of them. 
I'ho change in the reaction of cells is also a noteworthy feature in the 
study of abnormal plant structure. There is a difference between young 
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organs, tissues and cells, as expressed in the growth, plasticity 
processes of differentiation under the influence of the exciting cause as 
is evidenced in the formation and nutrition of galls comprehended 
under the general head of cecidogenesis. 

The recent study of the developmental mechanics of pathologif; 
tissues calls for an investigation of stimuli, and the reaction to stimuli 
where every reaction presupposes a capacity for reaction and where the 
cells of different tissues vary in this respect and no cell remains ahva\^ 
the same, but. changes without any influence of the external world nith 
the age of the cell, as well as the fact that every reaction presupposes 
previous conditions which permit the reaction to take place. Such 
considerations as these introduce the student to the investigation and 
terminology of Roux, as set forth in his ‘‘Terminologie der Entwick- 
lungs Mechanik der Tiere und Pflanzen,” 1912, and to the work oI 
Vdchting, Kuster, Klebs, Haberlandt, N^mec and others along experi- 
mental lines. Correlation, Neoevolution, Neoepigenesis are terms with 
which the pathologic student must become acquainted. He learns that 
Osmomorphosis comprehends all osmotic and turgor influences which 
determine the form and differentiation of cells and tissues; that mechano- 
morphosis is where plant cells and tissues have been modified in develop- 
ment by mechanic pressure and pull; that chemomorphosis is where 
chemic influences are the determining factors in molding the form and 
controlling the differentiation process; that trophomorphosis is where 
abnormal nutrition is influential locally in the transformation of plants. 

The consideration of chemomorphosis shows us that we may deal 
with known chemic bodies the action of which can be studied experimen- 
tally, or we may be concerned with unknown chemic substances, as th.c 
poisons injected into the tissues of a plant by the gall forms which pro- 
foundly influence the formation of the gall tissues. 

Trophic correlation, or trophomorphosis, exists between the parts of 
a cell, as well as between the organs of a plant, or the tissues of the 
organs. The action within the ceil may be between the nucleus and the 
cytoplasm, and its importance in pathologic plant anatomy has been 
experimentally studied by Gerassimoff and NSmec. Gerassimoff’s 
research dealt with the influence of the size of the nucleus on the cyto- 
plasm, while N^mec discovered that in chloralized roots of Viciajabai^^ 
cells with normal diploid chromosome content had didiploid and tetra- 
diploid chromosome-rich nuclei, and that the greater the content of the 
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cell in nuclear material the greater becomes its volume. Equally re- 
inarkable discoveries were made in an investigation of the action of tis- 
sues and organs upon one another. Vochting has produced a bending 
growth in the root of the kohlrabi by removal of the leaves of one 
side of the plant, so that the development of the normal side was 
markedly greater than that of the other. The same efiect was secured 
in the petiole of a compound leaf of Pklea mollis by removal of a lateral 
leaflet and the result of this experiment is displayed in the accompany- 
ing figure. Narcotics and the vitiation of the atmosphere by poisonous 
gases inhibit growth in length. Mathuse figures the effect of removal 
of the growing point of a plant in the promotion of superficial leaf 
growth and other anatomic changes in the leaves of Achyranthes 
Verschajeltii. Other experiments of a somewhat similar nature are 
equally illustrative. Hardly a more important and inviting field of 
research has been opened than that which has been revealed by the 
investigation of the experimental plant morphologists, or the experi- 
mental pathologic plant anatomists. 
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Suggestions to Teachers and Students 

The investigation of plant diseases in general is most important and 
jt should be approached from a number of standpoints.^ The teacher is 
[nterested in it, because he desires to arrange the subject matter, so that 
It may be presented in the laboratory and lecture course. The experi- 
fiice of the writer along these lines may be of service to other teachers, 
jnd it is given, therefore, with some" detail. Living plants shoirid be 
kept for experimentation along pathologic lines. The best plants for' 
:his purpose will be determined by the locality, by their availability, by 
;he ease of their cultivation and by their successful growth in the green- 
louse during the short days of winter. The experiments outlined in the 
essons d part IV eaii be tried /ipon these plants, such as the Influence 
)f chemicals upon growth, the action of illuminating gas on the health of 
he plant, and the extremely minute, or excessive action of amounts of 
hemic reagents, for some experiments conducted by Free at Johns Hop- 
liiis University indicate that various plants react in a specific way to 
ixtremc dilution of poisonous substances.^ 

The plants can be wounded in various ways and on different organs. 
The repair tissue can be studied by sectioning the healed part and stain- 
ng with appropriate stains. Various infection experiments can be tried 
vilh fungi and the lesions produced can be fixed and imbedded in paraf- 
in for sectioning, mounting, and f 01;^ study later under the microscope. 
The stock of such material for study can be increased materially by 
ollecting galls, insect depredations on plants, examples of callus for- 
nalion from street trees, which have been injured by horses biting off 
he bark, or by abrasion with wagon wheels. This material, collected 
rom the streets and highways, from the woods and fields, should be 
ixed and hardened and finally embedded in paraffin for sectioning and 
microscopic study. These sections should be furnished along with 
Icoholic, or dried material of the abnormal plant, so that ti|e student 

'Cf. Shear, C. L.: Mycology in Relation to Phytopathology. > Science, new, 
tr-i xli: 479-484, April 2, 1915, 

Smith, E. F.: Plant Pathology; Retrospect and Prospect Scjpnce, new ser. 
r: 601-612, April 18, 1902. 

Tree, E. E.: Symptoms of Poisoning by Certain Elements, in Peiargonium 
nd other Plante. Contributions to Plant Physiology, The Johns Hopkins Uni- 
March 1917; 195-198. 
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becomes familiar with the gross anatomy, as well as the microscopical 
Photomicrographs can be made readily by the use of the Edinger appall 
tus which has been used successfully at the University of Peimsylvania' 
in class work. It adds materially to the interest of the work to tab' 
photographs of the sections studied and make permanent prints of 
diseased structures. After a few years, the alcoholic stock material 
will have increased to such an extent that all phases of pathologic 
plant anatomy can be demonstrated, not only by actual specimecs 
but also by sections. The sections, if made directly by the slidjDg 
micrdlome, can be kept in large numbers in small bottles in 50 pet' 
cent, alcohol, where they are available for class use at any time. The' 
parafiBn mounts can be kept in block form ready for use when requiiei 
by the sequence of laboratory exercises and lectures. If alcohol is not 
available on account of its high price, other materials may be used in its 
place. 

The sections and alcoholic material having been prepared for use 
can be studied for hypertrophy, for metaplasia, hypoplasia and othei 
pathologic conditions. Such an investigation presupposes a thorouglj 
grounding in the technique of plant anatomy and histology, so thatna 
time may be wasted in unnecessary explanations. From the stand' 
point of curriculum, such a course in mycology and pathologic planl 
anatomy should be given in the junior, or senior years, or deferred untii 
the post-graduate years because of the special nature of the work. 

Written reports should be required of all students based upon th 
experiments with the inoculation and infection of various cultivatec 
plants and their reaction to various fungi. Similarly, where pathologii 
anatomy and histology of plant organs and tissues are concerned photo 
graphic prints may take the place of microscopic drawings. Eacl 
topic considered in the lecture course should receive attention in tb 
laboratory and in the field and indoor experiments, because this worl 
is designed to prepare future plant doctors, teachers and investigator? 
who are interested in the science of phytopathology and who an 
anxious to be proficient in the study of plant diseases. 

Stock material should be kept of all the more common insect am 
fungous diseases of cultivated and wild plants not only for such palhc 
logic study, but also for a systematic and morphologic work with insec 
and fungous parasites. The mycdlogic student should be able ti 
identify not only the more common insects and fungi after such 1 
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course^ but should be able also to diagnose the more common diseases 
and suggest remedies in the form of insecticides, or fungicides, or other 
jeinedial measures from a knowledge of the physiology of pathologic 
plants. A change in the soil, or a change in the temperature and 
exposure may be all that is needed to keep a plant in a perfect state 
of health. 

The problems which may be assigned to the post-graduate student 
ier experimental investigation are unlimited in America, where the 
nation is confronted by serious pests introduced from various lands. 
The anatomic and histologic characters and the development of cecidia 
have been the subject of extensive studies in Europe, but American 
botanists have done very little in the study of American galls along these 
lines of investigation. The character of the poisons which cause 
the stimulation of the plant to produce the galls is a matter well worth 
the attention of botanists experimentally inclined. The equipment of 
the laboratory and the facilities for experimentation should be con- 
siflered before the problem is assigned to the post-graduate student. 
The previous training and bias of the individual should be weighed 
carefully for the research work may be of a cytologic nature. It may be 
a histologic study pure and simple with pathologic tissues, or the prob- 
lem may deal with prophylaxis, or preventive measures. It may be 
that the student is belter prepared to investigate the etiology of disease, 
or the composition of sprays and their effects on the plant tissues. 
Some advanced students would find keener zest in the systematic or 
biologic study of some fungus, or group of fungi, or the bias may be 
toward detailed experimentation with insects, or other forms of animal 
life. The teacher should weigh carefully all of these details and act 
accordingly. Problems with an economic bearing would be more suit- 
able for the students of agricultural colleges and experiment stations, 
while matters of pure science might be properly relegated to the 
endowed colleges and universities, where investigation wdth a practical 
trend would not be absolutely essential. The laboratory work should 
be combined with field work in the study of inorganic and organic dis- 
eases. The character of the field work will be determined by the 
nature of the investigation and by the season and by the climatic con- 
ditions. The work in. the field at first would consist in the observation 
of diseases, the taking of notes from the living trees and the collection of 
material for more detailed study. The extent of the injury should be 
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determined. Extension and the work of prevention can be carried on 
Cooperative work with the progressive farmers and horticulturists can 
be inaugurated with profit to the farmer and the investigator, The 
etiology of diseases can be investigated by properly directed field experi- 
ments. Inoculations can be made on plants growing in the field, or in 
the laboratory or greenhouse.^ Such original investigation presup, 
poses the accumulation of apparatus and a suitable working library 
With the limited appropriation availaWe for the purchase of apparatus 
and books, such an equipment seems beyond the ordinary school and 
college, but it will be surprising to those who have not tried the plan how 
many books, diagrams, etc., can be accumulated, and how much 
apparatus can be secured by spreading the purchase of such needful 
things over a series of years. If the books and apparatus are cared for 
little deterioration need be suffered and at the end of twenty or twenty- 
five years, a respectable stock of these desiderata will be on hand for use 
in’ the class room, laboratory, research rooms and greenhouses. 

The growth of the study of plant pathology as a distinct branch 
of science has been by leaps and bourids. It is now on a more satisfac- 
tory basis than ever before, and a larger number of men and women art 
directing their attention to phytopathology as a life work. The men 
who enter this field from now on must have a better and an all -sided 
training. This presupposes an acquaintance with the literature of the 
subject in his own and several foreign languages. There should also be a 
training in chemistry and physics. He should know something about 
zoology and should be conversant with the physiology and histology of 
plants and other phases of botanic inquiry. To meet this demand our 
American colleges and universities have introduced subjects which will 
be of direct benefit to the future plant pathologist. The curricula- 
have been arranged to introduce the study, not only of plant pathology, 
but also cognate subjects some of which may not have a direct bearing, 
but which make the man a well- trained and a competent "plant 
doctor.” 

^ Cf. Hkald, F. D.: Field Work in Plant Pathology. The Plant World, lo: 
104-109, May, 1907. 

2 Fink, Bruce: A College Course in Plant Pathology. Phytopathology, H: 
150-152, August, 1912. Consult Stevens, F. L.: Problems of Plant Pathology, 
The Botanical Gazette, Ixiii: 297 -306, Apr., 1917; also Harshbkrgee, John 
W.: The Need of Competent Plant Doctors, Education, 1895, 140- 144. 



PART III 

SPECIAL PLANT PATHOLOGY 

CHAPTER XXXIII 

LIST OF SPECIFIC DISEASES OF PLANTS 

The remarkable growth of the work of the United States Depart- 
meat of Agriculture, and that of the agricultural experiment stations of 
the different states, has been along the most diverse lines. Mycology 
has been given prominence and the number of trained workers in this 
field has increased to such an extent, that a separate organization, 
known as the American Phytopathological Society, has been found 
necessary. The meetings of this society have been largely attended 
and the papers read have been of the greatest value and interest. The 
organ of the society, “Phytopathology,” has published already a con- 
siderable number of important papers, and it has set a high standard for 
the future work along mycologic and pathologic lines. One of the 
specific problems, which it has attempted to do through special com- 
mittes appointed for the purposes, has been to suggest the use of com- 
mon names of fungous diseases based on recognized rules of procedure 
and to prepare a list of the common and important diseases of economic 
plants in the United States and Canada. The preliminary report of 
the committee on common names has been made, but considerable 
time must elapse before the list of common and important diseases is 
completed. 

As this book will be printed and issued before the preliminary list of 
the American Phytopathological Society of fungous diseases appears, 
it has been deemed advisable to compile a list from various sources of 
information for the common host plants in the United States and 
Canada, using the “Literature of Plant Diseases” given by W. C. 
Sturgis in the Report of the Connecticut Agricultural Experiment 
Station for the year ending Oct. 31, 1900, part III, pages 255-293, as 
basis of such a list. 
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That the list might be made as complete as possible and reprj 
sentative of the plant diseases of the United States and the tropic 
countries to the southward, the following publications have be(;Q 
used in its compilation. 

Atkinson, Geo. F.: Studies of Some Shade Tree and Timber-destroying 
Cornell Univ. Agric. Exper. Sta., Bull. 193, June, igoi. 

Co IT, J. E.; Citrus Fruits, 1915: 364-402, The Macmillan Co. 

Cook, Melville T.; The Diseases of Tropical Plants, 1915, The Macmillan Co. 
Dugcar, Benj, M.: Fungous Diseases of Plants, 1909, Ginn and Co. 

Freeman, E. M.: Minnesota Plant Diseases, 1905. 

Graves, Arthur H.: Notes on Diseases of Trees in the Southern Appalachians, 
Phytopathology, III (1913) and IV {1914). 

Heald, Fredk. D. and Wolf, Fredk. A. : A Plant-disease Survey in the Vicinity 
of San Antonio, Texas. U. S. Bureau of Plant Industry, Bull. 226, igu. 
Hesler, Lex R. and Whetzel, Herbert H.: Manual of First Diseases, xx-|- 
146 pages, 126 figs., 1917, The Macmillan Co. 

Hume, H. Harold: Citrus Fruits and Their Culture, 1911 : 466-492, Orange Judd Co 
Jackson, H. S.; Some Important Plant Diseases of Oregon in Biennial Crop Pest 
and Horticultural Report, igii-1912, Oregon Agric. Exper. Sta., 177-308, 
Longyear, B. 0.: Fungous Diseases of Fruits in Michigan. Michigan State .\gric, 
Coll. Exper. Sta., Special Bull. No. 25, March, 1904. 

Meinecke, E. P.: Forest Tree Diseases Common in California and Nevada. V. S. 

Forest Service, A Manual for Field Use, 1914. 

Reed, Howard S. and Cooley, J. S.: Plant Diseases in Virginia in the Years 1909 
and 1910. 

Robbins, W. W. and Reinking, Otto A.: Fungous Diseases of Colorado Crop 
Plants. Agric. Exper. Sta. Colo. Agric. Coll., BuU. 212, October, 1915. 
Selby, A. D.r A Brief Handbook of the Diseases of Cultivated Plants in Ohio, 
Bull. 214, Ohio Agric. Exper. Sta., 1910. 

Shear, C, L. and Wood, Anna K.: Studies of Fungous Parasites Belonging to the 
Genus Glomerella. U. S. Bureau of Plant Industry, Bull. 252, 1913. 

Smith, Ralph E. and Smith, Elizabeth H.: California Plant Diseases. Coll, of 
Agric., Agric. Exper. Sta., Bull. 218, June, 1911. 

Stevens, F. L. and Hall, J. G.: Diseases of Economic Plants, 1910, The Mar- 
millan Co. 

VON ScHRENK, Hermann: Some Diseases of New England Conifere. U. S. Div, Veg 
Physiol, and Pathol., Bull. 25. 

VON ScHRENK, HERMANN; Sap-rot and Other Diseases of the Red Gvm. P S 
Bureau of Plant Industry, Bull. 114, 1907. 

VON ScHBENK, HERMANN and SpAULDiNG, Peeley: Discascs of Deciduous Fores 
Trees. U. S. Department of Plant Industry, Bull. 149, 1909. 

Whetzel, H. H. and Rosenbaum, J. : The Diseases of Ginseng and Their Control 
U. S. Bureau of Plant Industry, Bull. 250, 1912. 

This list will serve as.an index of the diseases which will be describer 
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ifl {ull in the remainder of part III. As it will be impossible to describe 
jn detail all of the diseases of the list, a selected number will be chosen, 
ft'hicKwiU illustrate the subject and which, if mastered by the student, 
n'ill lay the foundation for a more thorough acquaintance with the 
diseases, which are prevalent in the United States, and which the 
iludent, the teacher, the horticulturist, the forester, the agriculturist, 
inA the practical mycologist are likely to meet in their plant-growing 
Experience. It is recommended that for each of the diseases described 
in the following pages the outline for the use of students given in 
19 be used to facilitate an investigation of the disease in the 
laboratory, greenhouse, or in the open field. This is a method of 
study a{)proved by the best teachers of the United States.^ The author 
svishes to state emphatically that he has designedly kept down the 
lumber of diseases described in the following pages because the 
thorough mastery of a limited number is better than a superficial study 
of a larger list. 

The general list precedes the descriptive pages oi part 111 dealing 
with a scries of specific plant diseases, especially chosen because of the 
author’s familiarity with them, or because, they stand out prominently 
as some of the more important diseases, which concern the American 
plant-grower, 

These specific diseases are divided into two groups. One group 
includes the parasitic diseases due to fungi as the causal organisms. The 
other grou{) includes the non-parasitic, or so-called physiologic diseases 
of plants. These have been treated in general in part II of this book, 
but certain of the non-parasitic diseases have become of such general 
interest that they merit a more detailed treatment. The literature of 
these diseases is very much scattered, the only general account being 
one published by Sorauer, Lindau and Reh in their “Handbuch der 
Pflanzenkrankheiten”^ (5d Edition of Sorauer), 1908. This work is be- 
ing translated by Frances Dorrance. Four parts of Vol. I have been 
printed and the other parts will appear as fast as translated and printed. 
The English edition beginning 1914 is entitled “Manual of Plant Dis- 
fiscs.” To this work the student of plant pathology is referred for 
>iiany details. 

‘llhiixzEL, H. H. and Collaborators; Laboratory Exercises in Plant 
PatKolooy, Ithaca, N. Y., 1916. 
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Parasitic Diseases of Plants 

A LIST OF THE COMMON AND IMPORTANT DISEASES OF ECONOMir 
PLANTS IN THE UNITED STATES AND CANADA * ^ 

Alialpa 

{Medicago sativa, L,) 

Anthracnose {Collelotrichum trifolii, Bain). 

Journ. MycoL, Vol. XII, p. 192 (1906). 

Bacterial Blight {Pseudomonas medkaginis Sacket). 

Bull. 212, Colo. Agr. Exp. Sta. (October, 1915). 

Downy Mildew {Peronospora trifoliorum, de By.). 

N, Y. Agr, Exp. Sta., Bull, 305, p. 394 (1908). 

Leaf-blotch {Pyrenopeziza medicaginis, Fckl.). 

Phytopathology 6, Abstracts of Columbus Meeting. 

Leaf -spot {Pseudopeziza medicaginis (lib.), Sacc.). 

Ibid., p. 384. 

Root-gall {l/rophlyctis alfalfa (v. Lagerh.), Magn.). 

Duggar, Fungous Diseases of Plants, p. 140 (1909). 

Texas Root- rot {Ozoniim omnivorum, Shear.) 

Tex. Agr. Exp, Sta,, Bull. 22 (1892). 

Rust {Uromyces striatus Schrot). 

Bull. 218, Calif. Exp. Sta. (June, 1911). 

Iowa Bull. 131, p. 209 (April, 1912). 

Violet Root-rot {RhizorAonia crocorum (Pers.) DC.). 

Phytopathology i, p. 103 (1911). 

Winter Injury. 

N, Y. (Cornell) Agr. Exp. Sta., Bull. 221, p. 6 (1904). 

Almond 

{Prunus amygdalus, BaiU.) 

Armillaria Root-Rot {Armillaria mdlea^ Vahl.). 

Cal. Agr, Exp. Sta., Bull, 218, p. 1084 (1911). 

Crown-gall {Pseudomonas tumefaciens, E. F. Sm. & Towns). 

Ariz. Agr. Exp. Sta., Bull. 33 (1900). 

Die-back {Non- par.). 

Cal. Agr. Exp. Sta., Bull. 218, p. 1086 (1911). 

Rust {Puccinia prunispinosa Pers,). 

Duggar, Fungous Diseases of Plants, p. 417 (1909). 

Shot-hole {Cercospora circumcissa, Sacc.). 

■ Journ. Mycol., Vol. VII, p. 66 (1892). 

Ampelopsis 

Leaf-spot {Phyllosticia ampehpsidis, Ell. & Mart, Laesiadia BidweUii (Ell.) V, & 
and Spharopsis kederkola (Speg.). 
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N, j. Exp. Sta., Rep. (iQu)- 
pje-back [CladosporUfm sp.). 

N. J. K-^P- Sta. Rep. (1914). 

Apple 

{Pirus mains, L.) 

\ntJ>ratnose {Gleosporhm malkorlicis, Cordley; Ascigerous stage said to be Neofab. 
ucd malicorlkis (Cordley) Jackson, see Phytopathology 2: 94, 1912). 
Oregon Sta., Biennial Rep., pp. 178-197 (1911-12). 

Arsenical Poisoning. 

Cal. Agr. Exp. Sta., Bull. 131 (1908}. 

Bark-canker (Myxosporium corticolum, Edg.). 

.Ann Myc., Vol. VI, p, 48 {1908). 

Bitter-rot {GlomereUa rtifomatulans (Berk.) Spauld. & v. Schr.).^ 

Bitter-rot canker, U. S. Dept. Agr. Bur. Plant Industry, Bull. 44 (1903). 
Black-rot {Spheeropsis maloyum. Berk.). 

Black- rot Canker. 

N. y. State Agr. Exp. Sta., Bull. 163 (1899), 

Black-rut Leaf-spot. 

U. S. Dept. Agr. Bur. Plant Industry, Bull. 121, p. 47 (1908). 

Blight {Battihis amylovorus (Burr,), Trev,). 

Blight-canker, N. Y. (Cornell) Agr. Exp. Sta., Bull. 236 (1906). 

Blossom- blight, Phytopathology, Vol. IV, p. 27 (1914). 

Collar-blight, Penn, Agr. Exp. Sta., Bull. 136, p. 7 (1915). 

Fruit-blight, Ibid., p. 20. 

Twig-blight, N. Y. (Cornell) Agr. Exp. Sta., Bull. 329, p. 322 (1913). 
llistcr-canker {Nummnlaria discreta (Schw.) Tub). 

11 ). Agr. E.xp. Sta,, Bull. 70 (1902). 
llotch [Phylhslicta soliiaria, Ell. & Ev.). 

Blotch canker, U. S. Dept Agr. Bur. Plant Industry, Bull. 144, p. 10 (1909}. 
Blotch leaf -Spot, Ibid., p. ii. 

Fruit-blotch, Ibid., p. 9. 

Blossom End Rot {Aliernaria sp.). 

X. J. E.xp. Sta. Rep., p. 471 (1914). 

Blue Afold Rot {PettkUlium spp.). 

Stevens Diseases of Economic Plants, p. 94 (191.3). 

Brown-rot- {Sderotinia fructigena (Pers.) Schrot.), 

Stevens and Hall; Diseases of Economic Plants, j). 92 (1913). 

Canker (Pacific Coast) {Macrophoma curvispora, Pk.). 

Stevens & Hall, Diseases of Economic Plants, p. S3 (1913)' 
fommoii Rust {Gymnosporanginm junipeTi-virgifildfue, Schw.), 

E. .S. Dept. Agr., Rep., 1888, p. 376 (1889). 

' Consult Shear, C. L. and Woqd, Ann.a K; Studies of Fungous Parasites Belong- 
ttJf; to the Genus GlomereUa. U. S. Bureau of Plant Industry, Bull. 252, 1913. 

•for apple rots consult Phytopathology 4, p. 403, December, 1914, and Manual 
Fruit Diseases by Hesler and Whetzel. 
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Crown-gall (Pseudomonas fumefociens, E. F. Sm. & Towns)* 

U. S. Dept Agr. Bur. Plant Industry, Bull. 186, p. 13 (1910). 

Hairy-root, Ibid., p. 14. 

Fly-speck (Leptothyrium pomi (Mont & Fr.), Sacc.). 

Ohio Agr. Exp. Sta., Bull. 79, p. 133 (1897). 

Frost-blister (Non~par.). 

N. Y. Agr. Exp. Sta., BuU. 220 (1902). 

Frog- eye Spot {PhyllosUda pirina Sacc.) 

Va. Rep., pp. 95-115, figs. 16 (1911-12). 

Fruit-pit (Non- par.). 

Bull, Torr. Bot Club, Vol. XXXV, p. 430 (1908). 

( PhyUcchora pomigena (Schw.), Sacc, 

Phoma pomi, Pass. (Phytopath., Vol. II, pp. 63-72). 

Spharopsis malorum, Pk. 

Bull. 121, U. S. Bureau PI. Indst 
Leaf -spot (Frog-eye) (Phylloslida pirina, Sacc.). 

R. I. Agr. Exp. Sta., Rep. 7, pp. 188-192 (1895). 

Pink-rot {Cephatotkecium roseum, Cda.). 

N. Y. Agr. Exp. Sta., BuU. 227 (1902). 

Powdety Mildew (EU. &,Ev.) Salra. aadP. 

de By.). 

U. S. Dept Agr., BuU. 120 (1914). 

Ripe-rot (Gkosporium fruciigenum, Berk). 

Journ. Mycol., Vol. VI, pp. 164, 172 (1891). 

Root-rot (Armillaria mellea Vahl). 

Oregon State Biennial Report, pp. 226-233 (1911-12). 

Scab (Venturia inaequalis (Cke.), Wint.). 

N. Y. (Cornell) Agr. Exp. Sta., Bull. 335 (1913). 

Mont. Bull. 96, pp. 65-102, pi. I, figs. 3 (February, i9i4)' 

Scab {Fusicladitm dendrilicum (Wallr.) Fckl.) 

Wash. Bull, 64, pp. 24, pis, 2, figs. 5 (1904). 

Rusts {Gymnosporangiumjmiperi Virginians Schw. {Rsstelia (Schw.), Thaxt.); 

G. globosum, Farl. (Roestelia laceraia, y, z. Thaxt,)- 
Scald (Non-par.). 

Vt Agr. Exp. Sta,, Rep. 10, p. 55 (1897). 

Scurf (Phyllosticla pr unicola (Opiz), Sacc.). 

Stevens & Hall, Disease of Economic Plants, p, 78 (ipit)- 
Silver-leaf (Steretm purpwreum, Pers,). 

Phytopathology i, p. 177 (1911). 

Sooty-biotch (Leptotkyrium Pomi (Mont k Fr.), Sacc.). 

Duggar, Fungous Diseases of Plants, p.,367 (1909). 

Spongy Dry-rot (Volulella frucH, Stev. & Hail). 

Duggar, Fungous Diseases of Plants, p. 316 (1909). 

Spray Injury (Non-par.). 

Bordeaux injury, N. Y. Agr. Exp. Sta., Bull. 287 (1907)* 

Lime-srUphur injury, Ore. Agr. Exp, Sta., Research BuU. 2 (1913)' 
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(eni'bligtit {Fseuiomonas wedkaginis, Sackett.) 

Col. Putl. 158, April, 1910, pp. 3-32; Bull. 159, pp. 3-15 (April, 19 10). 
tnvTot [Srlmophyllum commuM Fr.) 

?ull. i'8, Calif. Agr. Exp. Sta. (June, 1911). 
jiutella Rot {VoluteUa fmdi, Stev. & Hall). 

C .Vgr. Exp. Sta., Bull. 196, pp, 41-48 (190?). 

S'ater-cotc (Non-par.). 

phytopathology 3, 121 (1913). 

fiaier Injury (Non-par.). 

Winter bark-splitting, Canada Exp. Farm, Rep., 1908, p. 112 (1908). 
Winter black heart, Ibid., p. 113. 

Winter biid-injury, Mont. Agr. Exp, Sta., Bull. 91 (1912). 

Winter crotch-injury, Me. Agr. Exp. Sta., Bull. 164, p. 17 (1909), 
Winter crown-rot, N. Y. Agr. Exp. Sta., Techn. Bull. 12, p. 370 (1909) 
Winter dle-back, Canada Exp. Farms, Kep., 1904, p. 108; 1908, p. 113. 
Winter root-injury, Iowa Agr. Exp. Sta., Bull. 44, p. 180 (1899). 

Winter sunscald, Canada Exp. Farm Rep,, p. 112 (tpo&l. 

Apricot 

(Priinwx ameniaca, L.) 
icteriosis (Psetidomonas prmi, E. F. Sm.). 

N. V. (Com.) Agr. Exp. Sta., Mem. & (1913). 
liid-knot (PloTii'rigkth morbosa (Schw.), Sacc.). 

Bull, 212, Colo. Exp. Sta, (October, 1915). 
ttiight (Baciiln^ awiylowiiJ (Burr.), Trev.) 

Colo. Agr. Exp. Sta., Bull. 84 (1903), 
llossom-rot (ScUrotinia libertiana, Fckl.), 

Cal. Agr. Exp. Sta., Bull. 218, p. 1097 (1911). 

Irown-rot (SckrQtinia fructigena (Pers,), Schrt). 

Ibid. 

alifornia HUght (Coryneum Beijerinckii, Oud.). 

Cal. Agr. Exp. Sta., Bull. 203, p. 33 (1909). 
ic'back (Falsa kmoshma (V.), Fr.) 

Beald & WoU, Plant Disease Sur\'ey, San Antonio, Tex. (1912). 
umvnosis (Various couses). 

Araer. Gard,, Vol. XIX, p. 606 (1898), 
hot-hole (CylindrosporiufK padi, Karst). 

Henld and Wolf, Plant Disease Survey, San Antonib) Tex, (1932). 

ArBOR'VITjE 
(Thuja occidenfali.':, L.) 

ic-back (Palalozzia sp.) 

J. Agr, Exp. Sta., Rep., p. 517 {1912). 
oot-roi [Polypofus SchiminitzU, Fr.), 

B. S. Dept Agr. Div, Veg., Phys. & Path., Bull. 25, p, 23 (1900). 

27 
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f Ash , 

(Fraxinus sp.) 

Decay, or Brown-rot {Polyporus sulpkureus (Buil.), Fr.). 

Heart-rot {Fomes fraxinopkUus (Pk.), Sacc.). 

U. S, Dept. Agr. Bur. Plant Industry, Bull. 32 (1903). 
von Schrenk, H., Diseases of Deciduous Forest Trees, U, S. Bur. of 
Industry, Bull. 149 (1909). 

Leaf-spot {Cercospora fraxinites, Ell, & Ev.; Cylindrospcrium nridis, EIL & Ev.,aji 
Seploria submaculahi, Wint.) . 

Rust {Mcidium fraxini, Schw.), 

Rep., Conn. Exp. Sta., p. 304 (1903). 

Asparagus 

{Asparagus ojkinalis, L.) 

Blight {Cercospora osparagi, Sacc,). 

Heald & Wolf, Planf Diseases Survey in Texas (1912). 

Rust {Puccinia asparagi, DC.). 

N, J. Agr Exp. Sta., BuU. 12^ (jSpS). 

Calif, Bull. 16s, pp. 1-7, 18-95, 98, 99, figs. 32 (Jan., 1905). 

Aster, China 

{Callistepkus ckinensis, Nees) 

Rust {Coleosporium solidaginis (Schw.), Thiim). 

Wilt {Fusarium sp.). 

Mass. (Hatch) Agr. Exp. Sta., Bull. 79, p. 5 (1902), 

Yellow (undetermined). 

Ibid., p. II. 

Azalea 

Rust {Pucciniasirum minimum (Schw.), Arth,). 

Conn. Exp. Sta., Rep., p. 854 (1907-1908). 

Bahboo 

{Phyllcstachys henonis, Mitf, andP. quilioi, Riv.) 

Smut {Vsiilago Shiraiana, -Henn.). 

Patterson, Flora W. and Charles, Vera K., The Occurrence of Bamboo Sm 
in America. Phytopath. 6, pp. 351-356 (1916). 

Banana 

{Musa spp.) 

Trinidad Bud-rot {Bacillus musa, Rorer.). 

Phytopath. 1, pp, 43-49 (1911). 
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, ^.ruit-rot {Gleosporium musorum, Cke. and Mass.), 

Disease {Uafdstnius smiustus, Bri. & Cav.). 

See Cook, Diseases of Tropical Plants, 1889, pp. 13J-136 (1913). 

Barley 

{Bordcum sativum, Jess.) 

mthracnosc {CoUetoirichum cereale, Manns) = graminicola (Ces.) Wilson Phyto- 
path, 4:110- 

Ohio Agr. Exp. Sta., Bull. 203, pp. 187-212 (1909). 

7)vered-smut {Uslilago hordei (Pers.), K. & S.). 

Kan, Agr. Exp. Sta., Rep. 2, p. 269 (1890). 

>;€br. Rep., pp. 45-53, figs. 4 (190?). 
fTgot [Clai'iceps purpurea (Fr.), Tul.). 

So. Dak. Agr. Exp. Sta., Bull. 33, p. 38 (1893), 

^af-rust {Puccinia simplex (Korn), Erikss, & Henn.). 

U. S. Dept. Agr, Bur. Plant Industry, Bull. 216 (1911). 
flose-smut (f/ililaio nuda (Jens.), K. & S.). 

U. S. Dept. Agr. Bur. Plant Industry, Bull. 152, p. 7 (1909). 

'offdery Mildew {Erysiphe graminis, DC.). 

Bull., 111. State Lab. Nat. Hist., Vol. II, pp. 387-432 (1887). 
cab {Gibber ella saubinetii (MonL), Sacc.). 

Ohio Agr. Exp. Sta., Bull. 203, pp. 212-232 (1909). 

Item-rust {Puccinia graminis, Pers.). 

U. S. Dept. Agr. Bur. Plant Industry, Bull. 216 (1911). 

Itripe Disease (Blade-blight) {Helminthosporium gramineum, Rabenh.). 

Iowa Agr. Exp. Sta., Bull. 116, p. 179 (1910). 

Bull. 218, Calif. Agr. Exp. Sta. (June, 1911). 

Bean 

{Phaseolus vulgaris, L.) 

Inthracno&e [CoUetotrichum liridemuthianum (Sacc. & Magn.), Bri. & Cav.). 

N. Y. Agr. Exp. Sta., Bull. 48, p. 310 (1892). 

Cornell Bull. 255, pp. 431-447, figs, 6 (May, 1908). 

Mich. Spec. Bull. 68, pp. 12 (March, 1914). 
icteriaJ-blight {Baclerium phaseoli, E. F. Sm,). 

N. Y. Agr. Exp, Sta., Bull. 151, p. ii (1901). 

La. Bull. 139, pp, 43, pis. 6 (January, igT3). 
eaf-spot {Cercospora canescerts, Ell. & Mart.). 

Heald and Wolf, .Plant Disease Survey in Texas, (1912,) 

•imping-off {Fungi spp.). 

«d-blfght (Pkoma st^circinafa, Eli. & Ev.). 

N. J. Exp. Sta., Rep., p. 472 (1914). 
bizoctoniose (Corticium vagum, Bri. & Cav. var. solani Burt). 
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Rhizoctonia damping off, N. Y. (Cornell) Agr. Exp. Sta., Bull. 94, p. 266 (iSn 
Rhizoctonia pod-spot, Science, new ser., Vol, XIX, p. 268 (1904). 
Rhizoctonia stem rot, Science, new ser., Vol. XXXI, p. 796 (1910). 

Rust {Vromyccs appendiculatus (Pers.), Lev.). 

N. Y. Agr. Exp. Sta., Bull. 48, p. 331 (1892). 

Southern Blight {Sekrolium Rolf sit, Sacc,). 

Fla. Agr. Exp. Sta., Bull. 21, p. 27 (1893). 

Bean (Lima) 

{Pkaseolus Innatus, Jj.) 

Bacterial Blight {Pseudomonas phaseoli, E. F, Sm.). 

N. Y. Agr. Exp. Sta., Bull. 48, p. 331 (1892). 

Downy Mildew {Phytophtkora phascoli^ Thax.). 

Conn. Agr. Exp. Sta,, Rep. 167 (1889). 

Beech 

{Fagus grandijolia, Ehrh.) 

Sap-rot {Polysiicius pergamenus, Fr.). 

von Schrenk, H., Disease of Desiduous Trees, U, S. Bureau of Plant Industr 
Bull. 149 (1909). 

White Heart-rot {Pomes igniarms (L.), Gill.), 

N, Y. (Cornell) Agr, Exp. Sta., Bull. 193, p. 214 (igoi). 

Beet 

{Beta zulgaris, L.) 

Bacterial Leaf-spot [Bacterium aptatum, Brown & Jamieson). 

Journ. Agr. Research i, p, 190 (1913). 

Cercospora Leaf -spot {Cercospora beticola, Sacc.). 

N. Y. (Cornell) Agr. Exp. Sta., Bull. 163, p. 352- (1899). 

Nebr. Bull. 73 (1902). 

Poole, V. W. and McKay, M. B,, Relation of Stomatal Movement to Infectk 
by Cercospora beticola, Journ. Agr. Research Si PP- 1011-1038 (1916). 
Crown-gall {Psettdomonas tumejaciens, E. F. Sm. & Towns). 

U. S. Dept. Agr. Bur. Plant Industry, Bull. 213 (1911). 

Curly-top (undetermined). 

D. S. Dept. Agr. Bur. Plant Industry, BuP, 122 (1908). 

Smith, Ralph E, and Bonequet, P, A.: Connection of a Bacterial Organis 
with Curly Leaf of the Sugar Beet Phytopath. 5 pp. 335 342 (19*^5)- 
Damping-off {Fungi spp.). 

Downy Mildew {Peronospora Schachtii, Fckl,). 

Bull. 218, Calif. Agr. Exp. Sta, (June, 1911). 
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^{-scorcVi {Non-pof.). 

y ygr, Exp. Sta. Bull 162, p, 167 (1899). 

losaic (undetermined). 

Science, new ser. Vol. XLII, p. 220 (1915). 
ilioma Crown-rot {Pkofm beta (Oud.) Fr.). 

I-'rank Die Krankbeiten der Pftanzen Zweitl Aufl. 2, p. 399 (1896). 
Journ. Agr. Research 4, pp. pls. n, pp. 169-177 (igii;). 

'homa leaf-spot {Fhoma hd(E (Oud.), Fr.), 

Journ. Agr. Research 4, p. 169 (1915). 
homa Root-rot {Pkma beta (Oud.), Fr.). 

Frank Die Krankbeiten der Pflanzen Zweite. Aufl. 2, p, 399. 
uednia Rust {Puccinia Diet.). 

Phytopathology 4, P- 204 (1914). 

.hizoctonia Root-rot {Cortickiin vag^m^ Bri. & Cav. var. Solmi Burt). 

X. Y. (Corn.) A^r. Exp, Sta., Bull. 163, p. 34 (1899). 

;ust{Cfnwy «5 Uta.). 

Pull. n8, Calif. Agr. Exp. Sta. (June, 1911). 
cab {Adinomyce^ chromogmes) . 

X, Dak. Agr. Exp. Sta., Bull. 4, p. 15 (1891). 

:)ft-rot {Bdc'erhm leutUum, Mete.). 

Nebr. Agr, Exp. Sta., Rep. 17, p. 6g (1904). 
uberculosis {Bacterium helicolumi E. F. Sm.). 

Ct. Dept. Agr. Bur. Plant Industry, Bull. 213, p. 194 (ign). 
romyces Rust {(Jromyces belce (Pers,), L6v.). 

U. S. Dept. Agr. Rep., 1887, p. 350 (1888). 

Bermuda Grass 

{Capriola daclylon (L.), Kuntze) 

;af-spot {Hclminthosporium giganteum, Heald & Wolf). 

Heald and Wolf, Plant Disease Survey in Texas (1912). 


Birch 

{Beiula spp.) 

ecay (fows Jotnentarius (L.), Fr.). 
id Heart-rot (Fnf»€j/K/w5, Fr,). 

voti Schrenk, H., Diseases of Deciduous Forest Trees, U. S. Bureau Plant 
Industry, Bull. 149 (igog). 

[Hvood Decay {Polyporus beluUnus (Bull.), Fr.). 

von Schrenk, H., p. 57. 

Wtc Heart-rot {Foms ignicrius (L.), Gill). 

Y. (Corn.) Agr. Exp. Sta., Bull. 193, p. 214 (1901). 
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Blackbekry 
{Rubus spp.) 

Anthracnose {Gleosporium venetum, Speg.). 

U. S. Dept Agr., Rep., 1887, p. 357 (1888). 

Wash. Bull. 97, pp. 3-18 (1910). 

Cane-blight {Coniothyrium Fuckelii, Sacc.). 

Crown-gall {Bacterium tumefaciens, E. F. Sm, & Towns). 

U. S. Dept Agr. Bur. Plant Industry, Bull. 213 (1911). 

Double-blossom {Fusarium rubi, Wint.). 

Del. Agr. Exp. Sta., Bull. 93 (1911). 

Gall {Pycnochyirium g,loho 5 umy Schrbt). 

Late-rust {Kuehneola albida (Kiihn), Magn.). 

Mass. (Hatch) Agr. Exp. Sta., Rep. 9, p. 74 (iSg?)- 
Leaf-spot {Sepioria rubi^ Westd.). 

Conn. Agr. Exp. Sta., Rep! 27, p. 309 (1904). 

Orange-rust {Gymnoconia PetJtiana (Howe), Tranz). 

111 . Agr. Exp. Sta., Bull. 29, pp. 273-300 (1893)- 

Box Elder 

{Acer negundo calijornicum (T. & G.), Sarg.). 

Leaf-spot (flloeosporium negundinis, Ell. & Ev.). 

Leaf-tip Blight {Sepioria marginata, Heald & Wolf). 

Leaf-blight Buckeye {^sculus octandra, Marsh), {pkyllosticia cesculi, Ell. & Mait 

Boxwood 
{Buxus sp.) 

Leaf-blight {Macropkoma Candollei (B. & Br.), Berl. and Vogl.). 

Leaf and Stem Disease {Volutella buxi (Cda.), Berk.). 

Buckwheat 

{Pagopyrum esculentum, Moench) 

Leaf-blight {Ramularia rufomaculans, Pk.). 

Descr., Conn. Agr. Exp. Sta., Rep. 14, 1890, p. 98 (1891). 

Butternut 
{Juglans cinerea, L.) 

Leaf-spot {Gnomonia leptosiyla (Fr.), Ces. & de Not). 

Mass. (Hatch) Agr. Exp. Sta., Rep. 10, p, 69 (1898). 
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sif'bligh* {Cercospora pernkma, Heald and Wolf), 
eaf-spot (Ramularia cephalanthi (EU. & Kell.), Heald), 

Cabbage 

(Br&sska oleracea^ L.) 

Iscterial Leaf-spot (Bacterium maculicolum, McCul.) . 

U. S. l^ept Agr. Bur. Plant Industry, Bull. 225 (ipii). 

!lack-leg (Phma lingam (Tode), Desm.). 

Phytopathology i, p. 28 (1911).- 
jhicLmold (AUernaria hrassicce (Berk.), Sacc.), 

U. S. Dept. Agr., Farmers' Bull. 488, p. 31 (1912). 

Black, leaf-spot, Ibid. 

Black-mold storage-rot. Ibid, 
iack-rot (Pseudomonas campestris (Para.), E, F. Sm.). 

Wis. Agr. Exp. Sta., Bufl. 6$ (1898). 

;l3ck-spot (Macrosporium brassic<B, Berk.). (AUernaria brassies. (B.), Sacc.). 

Ya. Agr. Exp. Sta., Rep. (1909-1910). 
lub-root {Plasmodiophora brassica, Wor.). 

Joum. Mycol., VoL VII, p. 79 (1892). 

Va. Bull. 191, pp. 12, figs, s (Apr., 1911). 

Vt Bull. 175, pp. 1-27, pis. 4, figs. 6 (Oct., 1913). 

)amping-off (Fungi spp.), 

U. S. Dept. Agr., Farmer's Bull. 488, p. 31 (1912). 

Ilowny Mildew (Peronospora parasitica (Pers.), deBy.). 

Ibid., p. 29. 

Jrop (Sekrotinia libertiana, Fckl.). 

Mo. Bot. Gard. Rep. 16, p. 149.(1905). 

.eaf-spot (Cercospora Bloxami, B. & Br. (?)}. 

Heald and Wolf, Plant Disease Survey in Texas (1912). 
koot-rot (Corticium vagum, Bri, & Cav., var. Sclani, Burt.), 
loft-rot (Bacillus carotovoruss, Jone.) 
j joum. Science, new ser., Vol. XVI, p. 314 (1902). 
liellows (Fusarium conglutinans , Wollenw.). 

Ohio Agr. Exp. Sta., Bull. 228, p. 263 (ipii). 

Cacao 

(Theohroma cacao, L.) 

wk Disease (Corticium javanicum, Ztmm. = C. Zimmermanni, Sacc. & Syd.) 
Diseases of Tropical Plants, pp. i8o-igi (1913). 
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Black-rot {Phytophthora Faheri, Maubl). 

Diseases of Tropical Plants, pp, i8o-iqi (1913). 

Brown-rot {Tkyridaria tarda, Bancroft). 

Diseases of Tropical Plants, pp. 180-191 (1913). 

Canker {Nedria Iheohrom^, Mass., and Calonectria Jlavida, Massee) 
Diseases of Tropical Plants, pp. 180-191 (1913). 

Pink Disease {Corlicium lilacojuscum, Berk, and Curt.), 

Diseases of Tropical Plants, pp. i8o~igi (1Q13). 

Root Disease (Macrophoma vestUa, Prill & Del.). 

Diseases of Tropical Plants, pp. 180-191 (1913). 

Scabby-pod {Lasidoplodia theobram^ (Pat.) Griff. & Maubl). 

Diseases of Tropical Plants, pp. 180-191 (1913). 

Seedling Disease {Ramnlaria necator, Mass.). 

Diseases of Tropical Plants, pp. 180-191 (1913). 

Thread-blight (Marasmius equkrinuSy Mull.). 

Diseases of Tropical Plants, pp. i8o 191 (1913). 

Cali, A 

(Rickardia eihiopka, Spreng.) 

Soft-rot {Bacillm aroidecE, Towns.). 

Leaf-spot {Phyllostida RichardicB, Hals.). 

Black-edge {Cercospora Richardiacola, Atk.). 

Carnation 

{Dianthiis caryophyllus, L.) 

Alternariose [Alternaria dianlki, Slev. & Hall). 

Anthracnose {VoltUella dianihi, Atkins). 

Descr., N. J. Agr. Exp. Sta., Rep. 14, 1893, pp. 385-386 (1894). 
Bud-rot {SpoToirichum antkrophilum, Pk.). 

Nebr. Bull. 103, pp. 3-24 (Jan,, 1908). 

Leaf-mold or Fairy-ring {Helerosporium eckinulatim (Berk.), Cke.). 

Descr., N. J. Agr. Exp. Sta., Rep. 14, 1893, p. 386 (1894). 
Die-back {Fusarium sp.). 

Descr. lUus,, N. Y. Agr. Exp, Sta,, Bull. 164, pp. 219-220 (1899). 
Leaf-spot {Septoria dianlhi, Desm. and Heterosporium echinulatum). 
Bull, 218, Calif. Agr. Exp, Sta. (June, 1911). 

Descr., N. J. Agr. Exp. Sta., Rep. 14, 1893, pp. 384-385 (1894). 
Rust (Uromyces caryophyllinus (Schrank), Wint.). 

Descr, Ulus., Gar. and For., Vol. V, pp. i8-ig (1892). 

Treat., N. Y. Agr. Exp. Sta., Bull, roo, pp. 50-68 (i8g6). 

C/. N. Y. Agr, Exp. Sta,, Bull. 175 (1900). 

Wilt (pM^aritiw sp.?). 

Descr,, Conn. Agr. Exp. Sta., Rep, ai, 1897, pp. 175-181 (1898). 
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Carrot 

{Daucus carota, L,) 

Root-rot [CorUcium vogim, Bri, & Cav., Mr. Sohni, Burt.). 

Kot sctni-uinolenldf Grove). 

Soft-rot [Hiicillus caroto:}&rus, Jones). 

])u<fi;ar, Fungous Diseases of Plants, p. ijr (1909). 

Cataipa 

{Catalpa bignonioides, Walt.) 

Lcat-bliglit {Macros poriwn caldpcB^ Ell. & Mart.). 

Descr. Illus., U. S. Dep. Agr., Rep. for 1887, pp. 364-365 (188S). 

Treat, (rec,), U. S. Dep. Agr., Rep. for 1887, p. 366 (i 88 8). 

Leaf spot {Phyllosticta c(Udp(B, Ell. & Mart). 

Descr. lllus., IJ. S. Dep. Agr., Rep. for 1887, pp. 364-365 (1888). 

Treat, (rec.), U. S. Dep. Agr., Rep. for 1887, p. 366 (1888). 

Soft Heart-rot {Polystictus versicolor (L.), Fr.). 

Stevens, Mycologia IV, p. 263 (September, 1912). 

Ckdar 

{Lihocedrus; Thuya; Jimi penis) 

Leaf-pit (Keithia Ikujina^ Durand), 

Phytopath 6, pp, 360-363, 1916, on T. plkala. 

Red-rot or “Pecky” Disease [Pomes carneus, Nees). 

Descr. Illus., U. S. Dep. Agr., Div. Veg. Phys. & Path., Bull, 21, pp. 16-20(1900). 
I {Gy mno sporangium globosum^ Farl). 

I {Gytnnosporangiumjunipen-virgmiana, Schw.). 

Rust j Nebr. Rep. 1, pp. 103-127, pis, 13, map i (1908). 
j {Gymnosporangium sabinee, Plowr). 

[ Duggar, Fungous Diseases of Plants, pp, 425-426. 

\lhite-rot {Polyporusjuniperinus, v, Schr.). 

Descr, Ulus., U. S. Dep. Agr., Div. Veg. Phys. & Path., Bull. 21, pp. 7-16 
(1900). 

^Ihilcning {Cyanospora aibkedroe, Heald & Wolf), 

C£1ERY 

{A pium graveole ns, L.) 

Bacteriosis {Baeferium apii, Brizi). 

Descr. Ulus., N. J, Agr. Exp, Sta., Rep. 12, 1891, pp. 257-258 (1892). 

6/. U. S. Dep. Agr., Exp. Sta. Rec., IX-9, p. 850 (1898). 
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Late-blight {Septoria petrosdini, Desm, var. apii, Br. & Cav,). 

(^egon Sta. Biennial Rep., p. 273 (1911-12). 

Calif. Bull. 208, pp. 83-115, pi. I, figs. 18 (Jan., 1911). 

I>eaf-bUght {Cercospora apii, Fres.). 

Descr. Ulus., U. S. Dep. Rep. for 1886, pp. 1 17-120 {1887). 

Treat, (pos.), Conn. Agr, Exp. Sta., Rep. 21, 1897, pp. 167-171 {1898). 
Leaf-spot {Phyllosticta apii, HaJs.). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 12, i8gi, p. 253 (i^x). 

Leaf-spot (Septoria petrosdini, Desm., var. apii, Bi. & Cav.). 

Descr. lUus., N. Y. Agr. Exp. Sta., Bull. 51, pp. 137-138 (1893). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 132, pp. 206-215 (1897) 
Treat, (rec.), N. Y. Agr. Exp. Sta., Bull. 51, pp. 139-141 (1893). 

Rust {Puccinia bullata (Pers.), Wint.). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 12, i8gi, p. 256 (1892). 

Centuky Plant 
{Agave americana, L.) 

Blight [Stagonospora gigantea, Heald & Wolf). 

Plant Disease Survey in Texas (1912). 

Cherry 

{Pruniis cerasus, L.) 

Black-knot (Plowngktia morhosa (Schw.), Sacc.). 

Descr. Ulus., Mass. Agr. Exp. Sta., Rep. 8, 1890, pp. 200-210 (1891). 

N. J. Agr. Exp. Sta., BuL 78. pp. 2-10 (1891). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 81, pp. 638-646 (1894), 
Cf. N. Y. Agr. Exp. Sta., Rep- 12, 1893, pp. 686-688 (1894). 

Treat, (pos.), N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 81, pp, 646-653 (1894). 
Fruit-mold [Sderotinia cinerea (Bon.), Schr 5 t,). 

Descr. Ulus., U. S. Dep. Agr., Rep. for 1888, pp. 349-352 (1889). 

Ky. Agr. Exp. Sta., Rep. 2, 1889, pp. 31-34 {1890). 

Mas-s, Agr. Exp. Sta., Rep. 8, 1890, p, 213 (1891). 

Treat (pos.), N. Y. (Com, Univ.) Agr. Exp. Sta., Bull. 98, p. 409 (1895). 
Leaf-curl {Exoascus cerasi (Fckl.), Sadeb.). 

Descr., N. Y. Agr. Exp, Sta., Rep. 14, 1895, pp. S32-533 (1896). 

Leaf-spot {Cylindrosporitm padi, Karst, = Septoria cerasina, Pk,). 

Descr. Ulus,, Scribner, Fung. Dis., p. 119 (1890). 

Iowa Agr. Exp. Sta., Bull, 13, pp. 61-65 (1891). 

.Treat, (pos.), Iowa Agr. Exp. Sta., Bull. 30, pp. 291-294 (1895), 

Leaf -spot {Cercospora cerasdla, (Aderh.); Sacc.). 

Powdery Mildew {Podosphara oxycanthce (DC.), deBy.). 

Descr. Ulus., U. S. Dep. Agr., Rep. for 1888, pp. 352-356 (1889). 

Treat, (pos.), Iowa Agr. Exp. Sta,, Bull. 17, pp. 421-433 (1892). 
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Rust {Pii<dnia pruni-spin 05 <^t Pere.)- 
‘ Pescr. lUus., u. S. Dep. Agr., Rep. for 1887, pp. 353-354 (1888). 

Scab {Chdosparw^ carpophUum, Thttm). 

f {SckroUnia frudigena (Pers.), Schriit.). 

I ^^clerotinia cinerea (Boe.), SchrOt.). 

Chestnut 

{Casianea dentata (Marsh.), Borkh.). 

[ {Cylindrosporium castanicolum (Desm.), Berl.). 

\iithracnose | [Cryptosporium epipkyllum, C. & E.). {=Marssonia ockrolenca 
[ (E. & C.), Humph.). 

Treat, (pos.), Amer. Gardening, Vol. XX, p. 559 (1899). 

Alight {Endoihia parasitica (Murrill), Anders. Hall). 

Diseases of Economic Plants, p. 436 (1910). 

Conn. Rep., pt. 5, PP- 359 ~ 453 » pls. 8 (1912). 

Uaf-spot {Marssonia ochroleuca, (Bri. & Cav.), Humph.). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 17, 1896, p. 412 (1897). 

Descr., Mass. Agr. Exp. Sta., Rep. 10, 1897, p. 69 (1898). 

Sap rot [PolyAkbis versicolor (L.) Fr.). 

Chrysanthemum 

(Chrysanthemum sinense, Sabine & C. indicum, L.) 

Leaf blight (Cylindrosporium ckrysanlhemi, EU. & Deam.). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 15, 1894, pp. 365-368 (1895). 

Treat, (rec.), N. J. Agr. Exp. Sta., Rep. 15, 1894, p. 369 (1895). 

Ray-blight (Ascockyta ckrysanlhemi, Stev.). 

Leaf-spot [Phyllosticta chrysantkemi, EU. & Dearn.). 

Occ., N. J. Agr. Exp. Sta,, Rep. 15, 1894, p. 368 (1895). 

Leaf -spot (Septoria ckrysanlhemi, Cav.). (— 5 . ckrysanlhemella (Cav,), Sacc.) 
Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 15, 1894, pp. 363-365 (^895). 

Treat, (pos.), N. Y. Agr. Exp, Sta., Rep. ii, 1892, pp. 557-560 (1893). 
Ray-bUght (Ascockyla ckrysanlhemi, Stev.). 

Rust [Piiccinia chrysanthemi, Roze). 

Occ., N. J, Agr. Exp. Sta., Circ., Nov. 15 (1S99). 

Descr,, Treat, (rec.), Ind, Agr. Exp. Sta., BuU. 85 (igoo). 

CJ. Gardening, V<j. VI, p. 277, '98. 

CmvES 

[Allium scheenoprasum, L.) 

Rust {Puccinia porri (Sow.), Wint.). 

Conn. Exp, Sta., Rep., 1909-1910, p. 726. 
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Clematis 
(Clematis spp.) 

Anthracnose (Glmsporium ckmalidis, Sor.). 

Leaf-spot (Ascochyta dematidina, Thttm), 

Journ. Agr. Research 4, pp. 331-342 (1915). 

Root-rot (Pkoma sp.) 

Descr., N. Y. Agr. Exp. Sta., Rep. 3, 1884, pp. 383-384 (1885). 

Ct-ovek 

(Trifolium spp.} 

Anthracnose (CoUdotrickum irifoUi, Bain). 

Damping-off (Pythium de Baryanum, Hesse). 

Leaf -spot (Pseudo peziza trifolii (Pers.), Pckl.). 

Leaf -spot (Phyllackora trifolii (P.), Fckl.). 

Descr., N, J. Agr. Exp. Sta., Rep. 18, 1897, p. 319 (1898). 

Rust (Uramyces Trifolii (Hedw. {.), Lev. and U. fallens (Desm.), Kern). 
Descr. Ulus., N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 24 (1890). 

Iowa Agr. Exp. Sta., Bull. 13, pp. 51-55 (1891). 
Phytopath, i, pp. 3-6 (February, 1911). 

Treat, (rec.), N. Y. (Corn, Univ.) Agr. Exp. Sta., Bull. 24, p. 139 (1890). 
Sooty spot (Polythrincium IrifoUi, Kze.). 

Stem-rot (Sderotinia trifolionm, Eriks.). 

Descr. Ulus., Del. Agr. Exp. Sta., Rep. 3, 1890, pp. 84-88 (1891). 

N. J. Agr. Exp. Sta., Rep. 18, 1897, pp. 314-318 (1898). 
Treat, (rec.), Del. Agr. Exp. Sta., Rep. 6, 1893, p. 110 (1894). 

Cockles DR 
(Xanthium spp.) 


Rust (Puccinia xanthii, Schw.). 

Coconut 
(Cocos nucifera) 

Bud-rot (Bacillus coli, (Esch.) Mig.). 

Johnston, John R,, The History and Cause of the Coconut Bud Rot, U. S. 
Bureau of Plant Industry, Bull. 228 (1912). 

Godaveri Disease (Pythium palmivorum, Butler). 

Cook, Diseases of Tropical Plants, pp. 197-206 (1913). 

Leaf Disease (Pestalozzia palmarum, Cooke.) 

Cook, Diseases of Tropical Plants, pp. 197-20O (1913). 

Stem-bleeding (Tkielaviopsts etkaceiicus, Went). 

Cook, Diseases of Tropical Plants, pp. 197-206 (1913). 
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Coi'FEE 

{Cojea arahica,) 

FootDist-ase {Euryackoraliberka, Oud.). 

Cook, Diseases of Tropical Plants, pp. 160-170 (1915). 
Porto Rico Bull, n, pp. 29 (Feb., 1915). 

Leaf-rot {PeUkulana koleroga, Cke). 

Coot, Diseases of Tropical Plants, pp. 160-170 (1913). 
Porto Rico Bull. 17, PP- 29 (Feb., 1915), 

Leaf-spot (Cercospora co;ffeicola, Bri. & Cav.) . 

Cook, Diseases of Tropical Plants, pp. 160-170 (1913). 
Porto Rico Bull. 17, pp. 29 (Feb., 1915). 

Uancha do Hierro {SpkfEraslilU fiavidu, Massee). 

Cook, Diseases of Tropical Plants, pp. 160-170 (1913'). 
Porto Rico Bull. 17, pP- 29 (Feb., 1915). 
toot Disease {Irpcxfiavusj Klot&ch). 

Cook, Diseases of Tropical Plants, pp. 16(^170 (1913). 
Porto Rico Bull. 17, pp- 29 (Feb., 1915)- 
Rust {Ilemileia vaslatrix, Berk. & Broome). 

Cook, Diseases of Tropical Plants, pp. 160-170 (1913), 
Porto Rico Bull. 17, pp. (Feb. 29, 1915). 

Stem Disease {Necator decrelus, Mass.), 

Cook, Diseases of Tropical Plants, pp. 160-170 (1913). 
Porto Rico Hull. 17, pp. 29 (Feb., 1915). 


Corn 

(Zeo mays, L.) 

Towny Mildew {Schrospora macrespora, Sacc.). 

Leaf'biight (({elminthosponum inconspiewm, C. & E.). 

Descr. Illus,, N. Y. Agr. Exp. Sta., Rep. 13, 1896, p. 452 (1897). 

{Diplodia zee (Schw.), Lev. = D. maydk (Berk. Sacc.). 

Stevens & Hall, Diseases of Economic Plants, p. 335 (igio). 

111 . Bull. 133, pp. 73-85, 92-100, pi. I, %s, 20 (Feb., 1909). 

Rust [Puccinia sorghi, Schw. ~ P. maydis Bereng.) 

Descr. fllus., U. S. Dep. Agr., Rep. for 1887, p. 390 (1888). 

C/. U. S. Dep. Agr., Div. Veg. Phys. & Path., Bull, 16, p. 65 (1899). 

5 >nut (f stiiagn zee (Beckm.), Unger) and {U. Reiliana, Kiihn). 

DfscT, Ulus., Kans. Agr. Exp. Sta., Bull. 62, pp. 179-189 k 198-201 (1896) 
Ind. Agr. Exp. Sta,, Rep, 12, pp. 99 112 (1900). 

Treat, (rec.), 111 . Agr. Exp. Sta., Bull. 57, p. 335 (1900). 
ililt {Fsetidomonas Slewarti^ E. F. Sm.). 

Descr. Ulus., N. Y. Agr. Exp. Sta., Bull. 130, pp. 423-438 (rSg?)- 
Treat, (rec.), N. Y. Agr. Exp. Sta., Bull. 130, pp. 438-439 (1897). 
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Cosmos 

{Cosmos hipinwUus, Cav.) 

Stem-spot {PJAyctana sp.). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. ts, 1894* PP- 371-372 (1895). 


Cotton 


^Qssypium ^p.) 


Angular Leaf-spot (Bacferium malvacearum, E. Sm.). 

Anthracnose {Colletotrickum gossypii, South worth). 

Descr. Ulus., Ala. Agr. Exp. Sta., Bull, 41, pp, 40-49 (1892). 

U. S. Dep, Agr., Office Exp. Sta’s, Bull. 33, pp. 293-299 (ig 
Ala. Bull. 153, pp, 27-33 (Feb., ign). 

Boll-rot {Bacillus gossypina, Stedm.). 

Descr. lUus., Ala. Agr. Exp. Sta., Bull. 55 (1894). 

Treat, (rec.), Ala. Agr. Exp. Sta,, Bull. 107, p. 313 (1900). 

Damping-o'ff {Corlicium vagum, B. & C., var. Solani, Burt.). 

Descr., Ala. Agr. Exp. Sta., Bull. 41, pp. 30-39 (1892). 

Cf. Ala, Agr. Exp, Sta., Bull. 107, pp. 295-296 (J900). 

Descr. lUus., U. S. Dep. Agr., Rep. for 1887, pp. 355-35*5 (i888). 

Ala. Agr. Exp. Sta., Bull. 41, pp. 58-61 (1892). 

Leaf -mold {Ramularia areola, Atk.). 

Descr. lUus., Ala. Agr. Exp. Sta., Bull. 41, pp. 55-58 (1892). 

Root-rot {Ozonium omnivor um, Shear). 

Descr. Ulus., Tex. Agr. Exp. Sta., Rep. 2, 1889, pp. 67-76 (1890). 

U. S. Dep. Agr., Office Exp. Sta’s, Bull. 33, p. 300 (1896). 
Treat, (rec.), U. S. Dep. Agr., Office Exp. Sta’s, Bull. 33, p. 304 (1896). 
•Rust {Uredo gossypii, Lagerh.) and {jEcidium gossypii, Ell. & Ev.). 

Descr,, Joum. Mycol,, Vol. VII, pp. 47-48 (i8gi), 

Texas Root-rot {Ozonium omnivorum, Shear). 

Smut {Doassansia gossypii, Lagerh.). 

Descr., Joum Mycol., Vol. VIJ, pp, 48-49 (jSpj). 

Wilt {Neocosmospora vasinfecta (Atk,), Smith). 

Descr. Ulus., Ala. Agr. Exp, Sta., Bull. 41, pp. 19-29 {1892). 

U. S. Dep. Agr., Div. Veg, Phys. & Path., Bull. 17 (1899). 


Cow Pea 
{Vigna caijang) 

Angular Leaf-spot {Cercospora cruenia, Sacc.). 

Stevens and Hall, Diseases of Economic Plants, p. 395 (1910). 
Leaf-spot {Amerosporium <BC<momicum, Ell. & Tracy). 

Stevens & Hall,'p. 394 {1910). 
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Rust {Urcmyces appendicviatus (P.), Lk.). 

{Neocosmospora msinfeaa (Atk.), E. F. Sm.). 

Cranberry 

{Vaccinium oxycoccus, L.) 

^tliracrosc {Glomerella rufomaculans (Berk.) Sp. & v. Schr. var, vaccinii, Shear). 
Gall {Synchytrium Vaccinii, Thomas). 

Descr. Ulus., N. J. Agr. Exp. Sta., Bull. 64, pp. 4-9 (1889). 

Treat, (rec.), N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 33,^ (1891). 

■H}Tertrophy {Exobasidium oxycocci, Rost = Ex. vaccinii (Fckl.) Wor.). 

IroI {Acanthorhynckus vaccinii, Shear). 

Shear, C. L., Bull. 10, U. S. Bur. Plant Industry. 

“Scald” (Guignardia vaccinii, Shear), 

Descr. lUus., N. J. Agr. Exp. Sta., Bull. 64, pp. 30-34 (1889). 

Treat, (rec.), N. J. Agr. Exp. Sta., Bull. 64, pp. 39-40 (1889). 

Sclerotial Disease {Sclerolinia oxycocci, Wor.), 

ypyjj (PcsiaUssicf Gntpim, Desm., var. rorsimi, Shear). 

Cucumber 
{Cncumis sativus, L.) 

Anthracnose {Colleioirichum lagenarium (Pass.), Ell. & Hals.). 

Descr. Ulus., Ohio Agr. Exp. Sta,, Bull. 89, pp. 109-110 (1897). 

Treat, (pos.), N, J. Agr. Exp. Sta., Rep. 17, 1896, pp. 340-343 (1897). 

W, Va, Bull. 94, pp. 127-138, pis. 5 (Dec. 2, 1904). 

Bacteriosis or Wilt {Bacillus tracheiphilus, E, F, Sm.). 

“Damping-off’* or Seedling* Mildew {Pythium de Baryanum, Hesse). 

Descr. Ulus., Mass. Agr. Exp. Sta., Rep. 8, 1890, p. 220 (1891), 

Treat, (rec.). Mass, Agr. Exp. Sta., Rep. 8, 1890, p. 221 (1891). 

Downy Mildew {Plasmopara cubensis (Bri. & Cav.), Humphrey). 

Descr. Ulus., N. Y. Agr. Exp. Sta,, Bull. 119, pp. 158^165 (1897)^ 

Ohio Agr. Exp. Sta., BuE. 89, pp. 103-108 (1897). 

Cy. Ohio Agr. Exp. Sta., Bull. 105, pp. 219-220 (1899). 

Treat (pos.), Ohio Agr. Exp. Sta., Bull. 105, pp. 233-229 (1899). 
iCat-glaze {Acrernonium sp.), 

Descr., Mass. Agr. Exp. Sta., Rep. 9, 1891, p. 227 (1892). 

Ulus., Mass. Agr. Exp. Sta,, Rep. 10, 1892, p. 230 (1893). 
ical-spot {Pkylloslk'a cucurbitacearum, Sacc.). 

Occ., Ohio- Agr. Exp. Sta., Bull. 105, p. 222 (1899). 

‘owdery Mildew {Erysiphe polygoni, DC.). 

Descr. lUus., Mass. Agr. Exp, Sta., Rep. 10, 1892, p. 225 {i893)j 
Treat, (pos.), N. Y. (Com. Univ.) Agr, Exp. Sta., Bull. 31, p. 138 (1891). 
Mass. Agr. Exp. Sta., Rep. 9, 1891, p. 225 (1S92). 
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Scab {Cladosporiuvt citcutnerinum, Ell. & Arth.). 

Oescr. Ulus., Ind. Agr. Exp, Sta., Bull, iQ, pp. 8-io (1889). 

Mass. Agr. Exp. Sta., Rep. 10, 1892, pp. 227-229 (1893). 
Stem-rot {ScleroHnia liberliana, Fckl.). 

Descr. Ulus., Mass. Agr. Exp. Sta., Rep. 10, 1892, pp. 212-224 (189,^1. 
Treat, (rec,), Mass. Agr. Exp. Sta., Rep. 10, 1892, p. 222 (1893). 

ClTRRANT 
{Ribes, spp.) 

Anthracnose {Glaosporium ribis (Lib.), Mont. & Desm.). 

Descr. Illus., N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 15, p. 196 (1889}. 
Cane-wilt {Dothiorella). 

Descr., N. Y. Agr. Exp. Sta., Bull. 167, pp, 292-294 {1899). 

Cane-blight (iVectrm cinnabarina (Tode), Fr.). 

Descr. Illus., N. Y. (Com. Univ.) Agr. Exp. Sta., Bull. 12s (1897), 

Treat, (rec.), N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull, 125, p. 38 (1897). 
Knot {Pleonectria berolinensis, Sacc.). 

Cornell Agr. Exp, Sta., Bull. 125 (February, 1897). 

Leaf-spot {Septoria rihis, Desm., and Cercospora angulata^ Wint.). 

Descr. Illus., Iowa Agr. Exp, Sta., Bull. 13, pp. 6S-69 (i8gi). 

Treat, (pos.), Iowa Agr. Exp. Sta., Bull. 30, pp. 289-291 (1895). 

Powdery Mildew (Sphizrothcca mors-uvcs (Schw.), Bri. & Cav.). 

Rust {Puccinia Ribis, DC.). 

See U. S. Dep, Agr., Exp. Sta. Rec., X-6, p. 559 (1899). 

Wilt {Botryospharia rihis, Gross. & Dug.), 

N. Y. Techn. Bull. 18, pp. 113-190, pis. 2, %■ i (July, 1911)- 
{Cronartium rihicola, Diet), representing the uredo- and teleuto-stages oi the 
white pine blister rust, Peridermium sir obi, Kleb, a serious disease oi 
white pines against which a strict quarantine is maintained. 

N. Y. State Techn. Bull 2, pp. 61-74, pis. 3 (1906). 


Cyclamen 

Dark Leaf-spot {Phoma cychmena, Halst.). 

Watery Leaf-spot {Glomtrdla rufo^uxculans (Berk.), Spauld. & v. Schr., vw- 
cydaminis, Patt & Ch.). 


Cypress 

{Taxodium disikhnm (L.), Rich.) 

Leal-blight [Pesidozzia jmerea, Desm.). 

“Pecky" Disease {Pmgus indd,). 
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Dandeuon 

{Taraxacum officinale, Web.) 

caf-spot (RmuJma laraxaci K^rst.). 

Conn, .\gr. Kxp. Sta., Rep., p. 86a (ipo7“o8). 

EGC-rLANT 

{Solanim melongem, L.) 

nthm-nose {Glmporium mdongcme, Ell. & Hals.). 

Occ., N. J. Agr. Exp. Sta., Rep. 12, 189 r, p. 281 (1892}, 

Cj. X. J. Agr, Exp. Sta., Rep, 13, pp. 330-333 (1892). 
light {Fmdomonas solanocearwm, E. f . Sm.), 

DescT. llius., U. S. Dep. Agr., Div. Veg, Phys. & Path., Bull. 12 (1896), 

Treat, (rec.), U, S. Dep. Agr, Piv. Veg. Phys. & Path., Bull, 12, pp, 23-24 
(1896). 

Oaraping'off,” or "Seedling-iriydew” {Tylhium de Baryanum, Hesse). 

Descr., N. J. Agr. Exp. Sta,, Rep. 13, 1892, p. 286 {1893). 
rait-mold, Cray Mold (Botrytis fascicutaris (Cord.), Sacc.). 

Dcicr., N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 357 (1891), 

;if-spot Pkmopsis Hxans {Sacc. & WinC), Hart. = Ascochyta horiorum (Speg.), 
C, 0 . Smith, a fruit rot). 

Journ. Agr. Research II, pp. 3,3J'-338, pla. 5 (1914), 

Descr. Ulus., R J. Agr. Exp. Sta., Rep. ii, 1890, pp. 355-357 (1891}. 

Del, Bull. 70, pp. lo-is, pi. t, figs. 2 (Majeb, 1905). 

Treat, (pos.), N. J. Agr. Exp. Sta., Rep. 17, iSgC, pp. 337-'340 (1897). 
ol [PemilUum sp.). 

Destr. Ulus., N. J, Agr. Exp. Sta,, Rep, 14, 1893, pp. 362-366 (1894). 
wiiing-rot {Phomopsis vexans, Sacc. & Syd., Hart.). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 12, 1891, pp. 277-279 (1892). 

Treat, (rec.), N. J. Agr. Exp, Sta., Rep. 12, 1891, p. 279 (1892). 

•cin-rot [^"eclria ipomme, Hals.), 

Descr. lUus,, N, ). Agr. Exp. Sta., Rep. 12, 1891, pp. 281-283 (1892), 

Elder 

{Sambt<ais canadensis, L.) 
list [Accidim samHci, Sacc.). 

^af-spot {Cmospora calemspora, Atk.). 

Elm 

{Ulmus spp.) 

ack-spot (Dolkiddla ulmi (Duv.), Wint.) and {Gnomonia ulmea (Sacc.), Thiim ) 
jsteKanker (Nummularia discrela, (Schw.) Tul.). 

^’Jggar, p, 282 (1909). 
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Leaf-scab (Gnomoma uimea (Sacc.), Thum.). 
White-rot {Polyportts squamosus (Huds.), Fr.}. 
Duggar, p. 453 (1909). 


English Ivy 
{Hedera helix, L.) 

Anthracnose {CoUetolrickm glceosporioides, Penz, var. kedem, Pass.). 
Leaf-blight {Phyllosticta concentrica, Sacc.). 

Leaf-spot {Ramnlaria hedericola, Heald & Wolf). 

Evening Primrose 
{Oenothera biennis, L.) . 

Gall, or Chytridiose {Synchylrium fnlgens, Schrot.). 

Duggar, p. 139 (1909). 


Fjg 

{Ficus carica, L.) 

Anthracnose {Glomerella rufomaculans (Berk.) Spauld & von Schr. -G.Jrucliiml 
(Clint.), Sacc.) 

Canker {Tubercularia fid, Edgerton). 

Cook, Diseases of Tropical Plants, p. 139 (1913). 

Phytopath, i, pp, 12-17 (February, igii). 

Die-back {Diplodia sycina, Mont., var. syconophila, Sacc.), 

Fruit-rot {Glomerella rufomaculans (Berk. Spauld. & von Schr.), 

Leaf-blight {Cercospora Bolkana (Thiim,), Sacc.). 

Occ., U. S. Dep. Agr., Div. Pomol., Bull, s, pp. 27-28 (1897) 

Leaf-spot {Cercospora fid, H. & W,). 

Limb-blight {Corticium htum, Karst.). 

Rust {Uredo fid, Cast. = Physopella fid (Cast), Arth,). 

Occ., N. C. Agr. Exp. Sta,, Bull. 92, p. 117 (1893). 

Scab {Fusarium roseum, Lk.) . 

Occ., N. C. Agr. Exp, Sta., Bull. 92, p. 117 (1893). 

Soft- rot {Rhizopus nigricans Ehrenb.). 

La, Agr. Exp, Sta., Bull. 126 (March, 1911). 

Filbert 

{Corylus avellana, L. and C. americana, Walt) 

Black-knot {Cryptosporella anomala (Pk.), Sacc.). 

Descr., N. J. Agr. Eip. Sta., Rep, 13, 1892, pp. 287-289 (1893). 
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Fir 


{Abies balsamea (L.), Miller) 


pry-rot {Trametes pini (Brot.), Fr.) 
g^t*rol iPolyporus Schweiniizii, Fr.) • 
Wet-rot {?olypor:^s subacidus, Pk.?) J 
Rust {Aecidium elatimmf Alb. & Schw.) 


Descr. Ulus., U. S. Dept. Agr., Div. Veg. 
Phys, & Path., Bull. 25 (1900). 


Flax 


{Linnm spp.) 

Rust [Mfidtnpsora Uni (DC.), Tul.). 

Occ., Journ, Mycol., Vol. V,,p. 215 (1889). 

Wilt {Ftisarium Uni, BoUey). 

Stevens & Hall, Diseases of Economic Plants, p. 406 (1910), 
N. Dak. Bull 50, December, 1901, pp. 27-60, figs. 18. 


Geranium 
{Pelargonium spp.) 

Leaf-spot (Bdclefia?). 

Descr,, Mass. Agr. Exp. Sta., Rep. iz, 1899, p. 57 (1900), 

Kot {Bacillus 

Descr. Ulus., Journ. Mycol, Vol. VI, pp. 1 14-115 (1891). 

Ginseng 

{Panax quinquefolium, L.)A 

Anthracnose {V ermicularia dematium (Pers.), Fr.), 

Blight {Alternaria panax, Whetz). 

Leaf Anthracnose {Peslolozzia funerea, Desm.), 

Wilt {Seocosniopara lasinfectum (Atk.) E. F. Sm. var nivea (Atk.) E. F. Sm.). 
Mo. Bull, 69 (October, 1905). 

Gladiolus 


Hard-rot {Septoria gladioli, Passer). 

Phytopathology 6 (Columbus Meeting Abstracts). 

Goldenrod 
{Solidago spp.) 

Red- rust {Coleosporiunt solidagims (Schw.), Thum), 

Rust Vromyces solidaginis (Somm.), Niessl 
‘SeeWiiETZEL, H. H.; The Diseases of Ginseng and Their Control, U. S. Bur, 
of Plant Industry, Bull 250 (191 2). 



436 


SPECIAL PLANT PATHOLOGY 


Gooseberry 
\Ribes g^ossulariaf L.) 

Leaf-spot {Septoria ribis, Desm., and Cercospora angulata, Wint.) . 

Leaf-spot {Spkarella grossularicB (Fr.), Awd.?), 

Oca Illus., Iowa Agr. Exp. Sta., Bull. 13, p. 70 (1891). 

Powdery Mildew (Spfiarotheca mors-uv(B (Schw.), Bri. & Cav.). 

Descr, Ulus., U. S. Dep, Agr.j Rep. for 1887, pp. 373-378 (i888). 

Mass. Agr. Exp, Sta., Rep. 10, 1892, p, 240 (1893). 

Treat, (pos.), N. Y. Agr, Exp. Sta,, Bull. 161 ^1899). 

'R.oot-iot (Dmatopkorasp,?). 

Dcscr., N. Y. Agr. Exp, Sta., Bull. 167, pp. 295-296 (1899). 

Rust {Aecidium grossulariaf Schum.). 

Descr,, Mass. Agr. Exp. Sta., Rep. 10, 1892, p, 241 (1893). 

Treat, (rec,), Mass, Agr, Exp, Sta,, Rep, 10, 1892, p. 241 (1893). 

Grape 
{Vitis spp.) 

Anthracnose {Spkaceloma ampelinum, deBy. = Glocosporhm ampdophagmt (Pas.) 
Sacc.), 

Descr, Ulus., Tenn. Agr. Exp. Sta., BuU. IV'4, pp. 111-112 (1891). 

Descr., U. S. Dep. Agr.,'Div. Veg. Path,, Bull. 2, pp. 170-172 (1892), 

Shear, C. L. Grape Anthracnose in America. Rep. Int. Congr. Viticultuit, 
San Francisco, July 11-13, m-n?. 

Treat, (rec.), N. Y. (Com. Univ.) Agr. Exp, Sta., Bull. 76, p. 443 (1894). 
Hawkins, Lon A, Circ, 105, Bureau Pi. Industry, 1913. 

Bacteriosis {Bacilltis sp.). 

See U. S. Dep. Agr,, Exp. Sta. Rec., VI-3, pp. 231-232. 

Bitter-rot {Melanconitim fuUgineum (Scrib. & Viala.), Cav.). 

Descr. Illus,, U. S. Dep. Agr., Rep. for 1887, pp. 324-325 (1888). 

Scribner, Fung. Dis., pp. 37-40 (1890). 

C/. N. Y. (Corn. Dniv.) Agr. Exp. Sta., Bull. 61, pp- 302-305. 

Black-rot {Guigttardia {Laesiadia) Bidwellii (Ell.), Viola. & Rav. and G. hacc(c (Car ), 
Jacq.). 

Descr. Illus., U. S. Dep. Agr., Rep. for 1886, pp. 109-111 (1887). 

Del. Agr, Exp. Sta., Bull, 6, pp. 18-27 (1889), 

Tenn. Agr. Exp. Sta., Bull. IV-4, pp. 97-102 (1891)- 
Tex. Agr, Exp. Sta., Bull. 23, pp. 219-228 (1892). 

Penna. Bull. 66, pp. 1-16, pis, 2, map. i (Jan., 1904). 

N. Y. Cornell Bull. 293, pp. 289-364, pis. $ (March, 1911). 
Treat, (pos.), Conn- Agr. Exp. Sta., Rep. 14, 1890, pp. loo-ioi (1891). 

U. S. Dep. Agr., Farm. Bull. 4, pp, 8-9 (1891). 

Tex. Agr. Exp. Sta., Bull. 23, pp. 228-231 (1892). 
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IChvtririio^c (Cl^ochytrium vUicolunit Pnrnet). 

I ' See V. S. Dep. Agr., Exp, Sta. Rec., VLy, pp. 642-644 (1895). 

joead-arm (Cry Shear.). 

I Circ. 55, N. J. Agr. Exp. Sta. 

; M. V. State Bull. 389, pp. 463-40 (July, 1914). 

I Phylopath. I, pp- 116-119 (1911). 

Downy iUWcw {Plasmopara viticola (B. & C.), Berl. & De Ton.). 

Dcscr, Ulus., U. S. Dep. Agr., Rep. for 1886, pp. 96-99,(1887). 

Tenn. Agr. Exp. Sta., Bull. IV-4, p. 108 (1891). 

Mich. Agr. Exp. Sta., Bull. 83, pp. 9-12 (1892). 

Phytopath. 2, pp. 335-249 (1912). 

Treat, (pos.), U. S. Dep. Agr., Farm. Bull. 4, p, 8 (1891). 

•ruit-moid (Botfytis sp.}. 

.eaf-blight hariopsis davispora (B. & C.) Socc. 

DesLT. Ilius., Scribner, Fung. Dis., pp. 60-62 (1890). 

N. Y. Agr. Exp. Sta., Rep. 9, 1890, p, 324 (1891). 

Cornell Bull. 76, November, 1894. 

Treat, (rec.), N, C. Agr. Exp, Sta,, Bull. 92, p. 122 (1893). 

,eaf-tnold [Lepiosporium keierosporum, Ell. & Gall.) . 

Dcscr. Ulus., U, S. Dep. Agr., Rep, for 1888, pp. 381-383 (1889). 

,eaf-spot {Isa-napds clavispora, Sacc.). 

\. J. Exp. Sta., Rep., p. 474 (1914). 
orvdery Mildew {Uncimla necatcr (Schw.), Burr.). 

Descr, iUus., U. S. Dep. Agr., Rep, for 1886, pp, 105-108 (1887). 

N. Y. Agr. Exp. Sta., Rep. g, 1890, pp. 322-323 (1891). 

U. S. Dep. Agr., Div. V^, Path., Bull. 2, pp. 166-170 (1892), 
Treat (pos.), U. S. Dep. Agr., Farm. Bull. 4, p. 8 (1891). 

N. C. Agr. Exp. Sta,, Bull. 92, pp. 120-121 (1893). 
ipe-rol or Anthracnose {Gl(eosporium fructigmum, Berk.). 

Dcscr. Ulus., U. S. Dep. Agr., Rep. for 1890. p. 408 (1891). 

Journ. Myco!., Vol. VI, pp. 164-171 (i8gi). 
oot-rot {Dematophora nccatrix, ITartig). 

Descr. Ulus., Scribner, Fung. Dis., pp. 64-69 (1890). 

U. S. Dep. Agr., Div. Veg. Path., Bull. 2, pp. 153-159 (1892). 
Treat. N. C. Agr. Exp. Sta., BuU. 92, p. 122 (1893). 
ool-rot [Amillaria mellca, Vahl.). 

Stevens & Hall, Diseases of Economic Plants, p. 173 (1910). 
ab [Chidosporium vUicoltm, Ces. = C&rcospora viticola (Ces.) Sacc.) 

Descr., \1. S, Dep, Agr., Div. Veg. Path., Bull. 2, pp. 173-174 (1892). 
aid (AHreobasidiiim vitis, Viala & Boyer). 

See U. S. Dep. Agr., Exp. Sta. Rec., VI-3, pp. 230-231 (1894). 
ug-blight {Botrylis cinma, Pers,). 

Wte-rot {Ckarrinia diploiiella, Viala & Rav.; Syn. Coniothyrium diplodklla 
(Speg.) Sacc.). 

Descr. Ulus., U. S. Dep, Agr., Rep. for 1887, pp. 325-326 (1888). 

Scribner, Fung. Dis., pp. 41-44 (1890). 

Treat, (pos.), U. S. Dep. Agr., Sec. Veg. Path., BuU. ir, p. 69 (1890). 
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Guava 

guajava, L.) . 

Ripe-rot (Glotnerdla psidii (G. Del.) Sheldon). 

Stevens & Hall, Diseases of Economic Plants, p. 191 (1910). 

W, Va. Bull. 104, PP- 299^315 (April, 1906). 

Hackberry 
{Cellis spp.) 

Leaf -spot {Cylindrosporium dcjoliaium, Heald and Wolf and {Ramiilaria cdlidjj. 
EU. & Kell.). 

Powdery Mildew {Uncinula polyckata, Bri. and Cav.). 

Hazel 

[Corylus spp.) 

Black-knot {Cryptosporella anomala (Pk.), Sacc.). 

Descr. lilus., Mass, Agr. Exp. Sta., Rep, 10, 1892, p. 242 (1893). 

Treat, (rec.), Mass. Agr. Exp. Sta., Rep. 10, 1892, p. 243 (1893), 

Hemlock 

[Tsitga canadensis (L.), Carr.) 

Dry-rot {Trameles pini (Brot.), Fr,). 

Descr. Ulus., U. S. Dep. Agr,, Div. Veg. Phys. & Path., Bull, 25 (1900), 
Heart-rot {Polyporus borealis (Wahl,), Fr.). 

Bull. 193 Corn. Univ. Agr. Exp. Sta. (June, 1901). 

Timber Rot (Pomes pmicola, Fr.) . 

Graves, A. H., Phytopath. 4, p. 69 (April, 1914). 

Wet-rot (Polyporus subacidus, Pk. ?). 

Descr. Illus,, U. S. Dep, Agr., Div. Veg, Phys. & Path., Bull. 25 (1900). ' 

Rust (Peridermium Peckii, Thum.) . 

Phytopath. i,pp. 94-96 (1911). 

Hemp 

(Cannabis saliva, L.) 

Leaf- wilt (Botryospheria Marconii (Cav.), Charles & Jenkins). 

Journ. of Agr. Research 3, pp. 81-84 (Oct. iS, 1914). 

Hickory 
(Carya spp.) 

Leaf-spot (Marsonia juglandis (Lib.), Sacc.). 
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Hollyhock 
(AUhaa rosea, Cav.) 

jvnth!acT\ 05 e {CoUetotrkhum maharum (Braun. & Casp.], SoutUworth), 
pcjcr. l!lus„ Journ. Mycol, Vol. VI, pp. 46-48 (1890). 

Treat, (pos.), Journ. Mycol, Vol VI, p. 50 (1890). 

N. J. Agr. Exp. Sta., Rep. n, 1890, p. 362 (1891). 

>(-blight {Cercospora althaina, Sacc.), 

UescT., N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 361 (1891). 

Treat, (pos.), N. J. Agr. Exp. Sta., Rep, ii, 1890, p. 361 (1891). 

Leaf-Spot [FhylloUkia aUkmna, Sacc.).^ 

Descr., N. J. Agr. Exp. Sta., Rep, 12, 1891, p, 297 (1892). 

Just {Fminia malvacearum, Mont.). 

Descr. IIIus., N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 25, p. 154 {1890). 
Phytopath, i, pp. 53-62 (1911), 

Trecit (rcc.), N. Y- (Corn. Univ.) Agr. Exp. Sta., Bull 25, p. 155 (1890). 
lust {Piiccma heterogenca, Lagerh.) 

Descr. Ulus., Journ, Mycol, Vol VII, pp. 44-47 (1891). 

Hop 

{Hutnulus japonicus, Sieb & Zucc.) 

ovvdery Mildew {Spharotheca kumuli (DC.), Burr.). 

N. Y. Corn, Bull. 328, pp. 281-310, figs, 19 (March, 1913). 

N, Y. State Bull, 395, pp, 29-80, pis. 2, figs, 2 (February, 1915). 

Horse-chestnut 
{Sscultis hippocaslantm, L.) 

-caf-blotch {Guignardia iZFCuli (Pk.) Stewart). Phytopath. 6, 5-19, 1916. 
tfiif-spot [Pkylloslicta pavia, Desm,). 

Descr., N. Y. Agr. Exp. Sta., Rep. 15, 1896, p. 456 (1897). 

Tr, (pos.), Joum. Mycol Vol. VII, p. 353; Phytopathology 4, 399 (December, 
1914) 

Horseradish 

{Cochlearid armoradaf L.) 

|<eaf-bl\gKt (Rttjmtfaria armorada, Fckl). 

: Occ., N. J. Agr. Exp. Sta., Rep. n, 1890, p, 360 (1891), 
ttaf-mold (iVfacrosporum hercultum, Ell, & Mart,), 

Ocr,, N. Y. Agr. Exp. Sta., Rep. 15, 1896, p. 452 (1897). 

' The diSetent species of Phylioslicla will be found described in The North Amcvi- 
an Phyllostictas with Descriptions of the Species, published up to August, 1900 by 
' B- Ellis and B. M. Everhart, Vineland, N. J., December, 1900. 
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Leaf-spot {Seploria armoraciae, Sacc."). 

Descr., N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 360 (1891)- 

Huckleberry 
{Gaylussacia sp.) ' 

Gall {Exoh(isidium vaccinii (Feld.) Wor.). 

Hyacinth 

{Hyacinthus orientalis, L.) 

Yellow Disease {Pseudomonas hyacinthi (Wakk.) E. F. Sm.). 

Hybrangea 

{Hydrangea hortensia, Siebold) 

Leaf -spot {Pkylloslida hydrangece, Ell. & Ev.). 

Occ., N". J. Agr. Exp. Sta., Rep. 12, 1891, p. 298 (1892). 

Rust {Melampsora Hydrangea — Tkecopsora hydrangea B. & C.) Magn. 

Incense Cedar 
{Libocedrns decurrens, Torr.) 

Dry-rot {Pelyporns atnarus, Iledgcock), 

Rust {Gymnosporangium Blasdaleanum (Diet. & Holw.) Kern). 

Meinecke, E. A., Forest Tree Diseases Common in California and Nevada, 1914. 

Iris 

{Iris spp.) 

Bulb-spot {Mystrosporium aduslum, Mass.). 

Leaf-blight {Botrylis galanthina, (E. & Br.) Sacc,). 

Johnson Grass 

{Andropogon kalepensis (L.j, Brot.). 

Leaf-blight [Hclminthospmum iurcictm Pass, and Seploria pertusa Heald & Moli)- 
Leaf-spot {Cercospora sorgki (Ell. & Ev.) and Coiklotrichum lineola Cda var. hlc- 
pense, Heald & 'Wolf), 

Rust {Puccinia purpurea, Cke.). 

Kaffir Corn 
{Sorghum vulgare, Pers.) 

Grain Smut {Sphacelotheca sorghi Lk.) Clint. 

Clint Conn., Exp. Sta, Rep., p. 351 (1912). 
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Larch 

(Larix laricim (DR.) Koch) 

anker {Diuyscypha WiUkommii, Hartig). 
jjy.rot {Trmeks pint (Brot.) Fr.)! 

Destr- Illus., U. S. Dep. Agr., Div. Veg. Phys. & Path., BuD. 25, pp. 31-40 
(1900). 

Laurel 

{Kdmia latifolia, L.) 

.caf-spot kalmicoia (Schw.) Bri. & Cav.). 

Lemon 

(C’itrits medica, L. var. limon, L.) 

.lack pit {Bacillus cUripuieale spp.) 

Coit, Citrus Fruits, p. 401, 1915; Phytopath. 3, pp. 277-281 (1913). 

Irown-rot [Pyikiacysiis citrophihora, R. E. Smith). 

Calif. Bull. 190, pp. 1-72, pi. I, figs. 30 (July, 1907). 
oot-rot {Fusisponum limnis, Bri.) . 

otlon-rot {SekroHnior libertiam, Fuckl.). Phytopath. 6, pp. 268-278 (1916), 
Fniil-spot (Trichscpioria alpd, Cav.). 
eaf-spot [Cercospora aurantia, Heald & Wolf) . 
lelanose {Ihingus indet?). 

anker {Pseudomonas citri, Hassej. Journ. Agr,, Res. 4; 97-150 (1915). 
call {dados porium, sp.). 

Descr, Ulus., U. S, Dept. Agr,, Div, Veg. Phys, & Path., Bull. 8, pp. 20-23 
: 896 ). 

Treat, (pos.), U. S. Dept. Agr,, Div. Veg. Phys. & Path., Bull. 8, pp. 23-24 
(1896). 

3oiy-mold (Meliola Pensiii, Sacc. and M. Camllm (Catt), Sacc.;. 
wig-blight {Diplodia auranlii, Catt and Spkaropsis malorum, Berk.). 

Mte-rot {SderoHnio libertiana Fckl.) Bull. 218, Calif. Agr. Exp. Sta. (June, 1911). 
ither-tip {Colletoirkhum glteosporioidcs Penz. 

Plant Disease, Survey San Antonio Texas (1912). 

Lettuce 

{Lacluca saliva, L.) 

athracnose (JlfarssoHw perforans, Ell & Ev.). 

Descr. Ulus., Ohio Agr. Exp. Sta,, Bull. 73, pp. 222-223 ^1897). 

Treat, (rec.), Ohio Agr. Exp. Sta., Bull. 73 r PP- 225-226 (1897}. 
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Downy Mildew {Bremia lactuca, Regel), 

Uescr. lUus., N, Y. Agr. Exp. Sta., Rep. 4, 1885, p. 253 (i886). 
Treat, (pos.), Ohio Agr. Exp. Sta., Bull. 73, p. 226 (1897). 

Drop {ScleroUnia libertianay Fckl.). 

Descr. Ulus., Mass. Agr. Exp. Sta., Bull. 69, pp. 12-15 (1900). . 
N. C. Bull. 217, 1-2 1, figs. 8 (July, ipti). 

Treat, (pos.), Mass. Agr. Exp. Sta., Bull. 69, pp. I7--3S (1900) 
Leaf-mold, Gray Mold or Rot (Botrytis cinerea, Pers.). 

Descr. Ulus., Mass. Agr. Exp. Sta,, Bull. 69, pp. 7-12 (1900). 
Leaf-rot {Rkizoctonic sp.). 

Descr. Ulus., Mass. Agr. Exp. Sta., Bull. 69, pp. 16-17 (iQoo) 
Treat (pos.), Mass. Agr. Exp. Sta., Bull. 69, pp. 39-40 (1900). 
Leaf-spot {Seploria consimiHs, Ell. & Mart.). 

Descr. Ulus., Ohio Agr. Exp. Sta., Bull. 44, pp. 14 5- 146 (1892). 
Stem-rot (Bacterial). 

Descr., Vt. Agr. Exp. Sta., Rep. 6, 1892, p. 87 (1893). 

Treat, (rec.) Vt, Agr. Exp. Sta., Rep. 6, 1892, p. 88 (1893). 

Lilac 

{Syringa vulgaris, L.) 

Leaf-spot (PAyWwficto Halstedn, Ell. & Ev.). 

Powdery Mildew (Micros ph«ra alni (Walir.) Wint.). 

Leaf-blight (Cercospora macromacuhns , Heald & Wolf). 

Lily 

[Lilium spp.) 

Bermuda Disease. 

See U. S. Dept. Agr., Div. Veg. Phys. & Path,, Bulb 14 (1897) 
Bulb-rot (kkhopus necans, Massee). 

Mold or Ward’s Disease {Sderotinia Fnckeliana deBy.). 

Treat, (pos.), Gar. and For., TX-414, p. 44 (1896). 

See N. J. Agr. Exp. Sta., Rep. 14, 1893, PP- 392-394 (1894) 

Linden 
(Tilia spp.) 

Leaf -blight (Cercospora microsora, Sacc,). 

Occ., N. Y. Agr. Exp. Sta., Rep. 15, 1896, p. 454 (1897), 

Stem- rot (Botrytis cinerea, Pcrs.). 


Locust 

(Robinia psaidacacia, L.) 

Leaf-spot (Cylindrosporitm soliiarinm, Heald & Wolf). 

Utati-Tot (Trametes robiniophila, Murr. atidPoww rimosws Berk.). 
Diseases of Deciduous Trees (1909). 
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Loquat 

{Eriobotrya japonic^, Lindl.) 

jb (Ihnickdium detidriiicum (Wallr.), Fckl. var. Eriobotrya, Scalia. 

Lupine 
{Lupinus, spp.) 

31ighl hpini, Sor,). 

Magnolia 

{Magnolia grandifiora, L.) 

,eaf-spot {PkyUostida magnolia Sacc. Duggar, p. 347 (1909)- 
Mango 

tflfdica, L.) 

inthracitose (CoUetetotrickum glaiosporioides, Penz,). 

McMurran Bull, U. S. ^ept. Agr. No. 52 (1914). 

Maple 
(A cor spp.) 

.nthracnose {Glaosporium apocryptim, Ell. & Ev,). 

Dmr., N. Y, Agr. E.vp^ Sta., Rep. 14, 1895, pp. 531-532. (1896), 
Treat, (rec.), N, Y. Agr. Exp. Sta., Rep. 14, 1895, p. 532 (1896) 
ictay, Fomcs fomentarius (L.) Fr. Duggar, p. 467. 
lali. Pycnockytrium globe sum, Schr6t; Duggar, p, 139. 
leart-rot, Forties igniarius (L.) Gill.; Duggar, p. 465. 
caf-blotch, Rhytisma aemnum (Pers.) Fr. 
eaf-spot {Phylloslida acerkola, Cke. & Ell.). 

Descr. Ulus., U. S. Dep. Agr., Rep. for 1888, pp. 383-386 (1889). 
Treat, (rec.), U. S, Dep. Agr., Rep. for 1888, p. 386 (1889). 
owdery Mildew, Uncinula aceris (DC.) Wint. 

'hite-rot, Polyporus squamosus (Huds.) Fr.; Duggar, p. 453. 

Melon 

(C«cj<wi‘s mlo, L.) 

athracnose {Colletoirkhum lagenarium (Pass.) Ell. & Hals.). 

Descr., U, S. Dep. Agr., Bot. Div., Bull, 8, p. 64 (1889). 

Descr. Ulus., Okla. Agr. Exp. Sta., Bull. 15, pp- 3o~3i (1895)- 
Treat. (pos.), Md. Agr. Exp. Sta., Rep. 4, 1891, p. 387 (1892). 
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AnthracEose {CoUelolrichum oligochatum^ Cav.). 

Bacteriosis or Wilt {Bacillus tracheiphilus, E. F. Sm,). 

Downy Mildew {Plasmopara cuhmis (B. & C.) Humph.). 

Occ. Descr,, Conn. Agr, Exp. Sta., Rep. 23, 1899, pp. 277-278 (1900). 
Leaf-blight (Alternaria brassiccBy Sacc., var. nigrescenSf Regel.). 

Descr., Conn. Agr. Exp. Sta., Rep. ig, 1895, pp. 186-187 (1896). 

Ulus., Ohio Agr. Exp. Sta., Bull. 73, pp. 235-236 (1897). 

Treat, (pos.), Conn. Agr. Exp. Sta., Rep. 22, ’98, pp. 22^235 (1899). 

C/, Conn, Agr. Exp. Sta., Rep. 23, 1899, pp. 270-273 (1900). 

Leaf -spot {Phyllosticta cucurbilaceamm, Sacc. ?) . 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 14, 1893, p. 355 (1894). 

Scab {Scolecotrkhum melophthorum, Pr. & Del.). 

Soft-rot {Bacillus melonisy Gidd.) Vt. Bull. 148, 363-416, pis. 8 (Jan. 1910). 
Southern Blight {Sclerolium Rolfsii, Sacc.). 

Wilt {Neocosmospora vasinfecta (Atk.) E. F. Sm.). 

Cf. Conn. Agr. Exp. Sta., Rep. 22, 1898, pp. 227-228 (1899). 

Mesquite 

{Prosopis julijlora, DC.) 

Anthracnose leguminum (Cke.), Sacc.). 

Blight {Scleropycniim aureum, Heald & Lewis), Trans. Amer. Micr. Soc , XXX 
5-9 (June, 1912). 

Rust {Ravenelia arizonica, Ell. & Ev.). 

Mignonette 

{Reseda odorala, L-) 

Leaf 'blight {Cercospora resedcCy Fckl.). 

Descr. Ulus., U. S. Dep. Agr., Rep. for 1889, pp. 429-430 (1890). 

Treat, (pos.), U. S. Dep. Agr., Rep. for 1889, p. 431 (1890}. 

Millet 

{Panicum miliaceum, L.) 

Purple-spot {Piricularia grisea (Cke.), Sacc). 

Smut {Vstilago Crameri, Korn,). 


Mulberry 
{Uorus spp.) 

Die-back {Myxosporium DiedickU, Syd.). 

Chytridiose {Cladochytrium mori, Prunet.). 

See U. S. Dept. Agr., Exp. Sta. Rec., VI-9, p. 830 (1895). 
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ve-spot (Cercospora mricola, Cke.>. 
ea,f'Spol {i-'crcospora missouriensis, Wint). 

,^^^.jQi [jIcUcoba!:idium minpa,T^nak&.=Septobasidium mompa (Tanaka), Rac.). 

Mushroom 

(Agarkus campestris, L.) 
joid (Ji perniciosa, Magn.). 

Nasturtium 

{Tropaolutn majtts, L.) 

Vilt [Psdidutnonas solanacearum, E. F. Sm.). 

Joum. Agric. Research 4, pp. 451-457, pis. 64 (1915). 

.eaf-bligtit {Ahernaria sp., and Pkospora tropaoli, Hals.). 

UescT., N. J. Agr. Exp. Sta. Rep. 13, 1892, p. 290-293 (1893). 


Oak 

{Qucrcus spp.) '■ 

mthracnose {^nomonia veneta (Sacc. & Speg.), Kleb). 

'ocketed-rot {Polyporus pilots, Schw.). 

)ccay, or. Brown-rot {Polyporus sulpkureus (Bull) Fr.). 

Atkinson, Bull. 193, Cornell Agr. Exp. Sta. (June, 1901). 
hart- rot {Fames igniarius (L.) Gill.), 
loncyconib Heart- rot {Slereum subpilealum, B. & C.). 

Journ, of Agr. Research V; 421 (Dec. 6, 1915). 

(Caf-curl {Taphrina caerulescens, Desv. & Mont.), Tul. 

.eaf-spot {Marsonia quercus, Pk.). 

f {ArmUlaria meUea, Vahl). Bull. U. S. Dep. Agr., No. 89 {1914). 

] {Cliiocybe parasUka, Wilcox). 

iKJl-rOt \ / yx f 

I {Polyporus dryadeus, Fr.). 

{RoselUnia quercina, Hartig) . 
jft Rot {Polyporus obtusus, Berk) . 
fringand Ray-rot (Polyporus Berkdeyi, Fr.). 

Iraw-colored Rot {Polyporus frondosus, Fr.), Joum. Agr. Research I, 109 (1913). 
ac-spot {Rhytisma crylhrosportmt Bri. & Cav.). 

'liite-iot {Polyporus sqmmostts (Huds.) Fr.). 

^Consult VON SCHRENK, HERMANN and Spaulding, Perley; Diseases of Dc 
duous Forest Trees. Bull. 149, U. S. Bureau of Plant Industry, 1909. 
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Oats 

{Auna saiJM, L.) 

Blight (Bacterial) Pseudomonas aoene, Manns. 

Descr., Joum. Mycol, Vol. VI, p. 72; Ohio Bull. 210, Oct. 1909, pp, 
pis. 15 (1890). 

Leaf-spot {Phylloslicta sp.). 

Descr,, N, J. Agr. Exp, Sta., Rep. 15, 1894, p. 319 (1895). 

Mildew {Helminthosporium inconspicuum, Cke. & Ell, var. brittanicum Gr., ajsi 
Cladosporium herbarum (Pers.), Lk.). 

Descr., Me. Agr. Exp, Sta., Rep. for 1894, pp. 95-96 
Rust (Pucdnia coronalay Cda., andP. graminis, Pers.). 

See Wheat (Rust). 

Cf. U. S. Dep. Agr., Div, Veg. Phys. & Path., Bull. 16, pp. 45-52 &6o.^ 
(1899). 

Smut (Usiilago avend (Pers.), Jens, and U. levis (Kell. & Sw.) Magn.). 

Descr. Ulus,, Kan. Agr. Exp. Sta., Rep. 2, 1889, pp. 215-238 & 259-260(1890 
Ohio Agr. Exp. Sta., Bull. 64, pp. 123-'! 26 (1896). 

Ill, Agr. Exp, Sta., Bull. 57, pp. 297-298 (1900). 

Treat (pos.), U. S. Dep. Agr., Farm. Bull. 75, pp. 11-16 (1898). 

III. Agr. Exp. Sta., Bull. 57, pp. 309-316 (1900). 

Okra 

{Hibiscus esculentuSy L.) 

Root-rot {Ozonium omnivorum, Shear). 

Wilt {Fusarium vasinJecUm = Neocosmospora vasinfecium (Atk.), E. F, Sm.). 

See U. S. Dep. Agr., Div. Veg. Phys, & Path., Bull. 17, p. 31 (1899}. 

Cf. N. Car. Rep. 1911, pp. 70-73, figs. 4. 

{Verlkillium albo-atrum, Reinke & Berthold) Phytopathology IV, p. 393 (11 
cember, 1914). 


Oleander 

{Nerium oleander, L.) 

Leaf-spot {Macrosporium nerii, Cke.). 

Bull, 218, Calif. Agric. Exper. Sta. (June, 1911). 

Olive 

{Olea europaa, L.) 

Anthracnose {Glceosporium olivarum, d’ Almeida). 

Fruit-mold or Dry-rot {AUernaria sp. and Macrosporium sp.). 

Descr. Illus. Cal. Agr. Exp. Sta., Rep, for ’95-*97, pp. 235-236 (1898). 
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Savastfmoi, E. F. Sm.). 

Cook Diseases of Tropical Plants, p. 144 (1913). 

Uot (Bacterial). ^ 

^escr., Cal Agr. Exp, Sta., Bull 123, p. tg (iSgg). 
jcab peacock Leaf 'Spot {Cyclocomum oleaginum, Cast.}. 

'j)escr., Cal. Agr. Exp. Sta., Rep. 1892-93, pp. 297-298 (1894}, 

See U S. Dep. Agr., Exp. Sta. Rec., XI-6, p. 554 (1900). 

5ooty-niold {Meliola sp., Syn. Capnodium citri Berk. & Desm.}. 
fubercuiosis {BacUlm olc<R (Arcang.) (Trcv.). 

Descr. lHus., Cal. Agr. Exp. Sta,, Bull. 120 (1898), 

Treat, (rec.), Cal, Agr. Exp. Sta., Bull. 120, pp, lo-n (1898J. 

Cf. Cal. Agr. Exp. Sta., Rep. for ’97-’g8, p. 178 (1900). 

Onion 

{Allium cepa, L.) 

tathracnose or Rot {Vermkularia circinans, Berk). 

Desa. IHms,, Cona. Agt. Exp. Sta., Rtp. 13, 1889, p. 163 (1890). 

Treat, (rec.), Conn. Agr. Exp. Sta., Rep. 13, 1889, pp. 164-165 (1890). 

)offny Mildew {Peronospora Sckletdeniana, deBy.). 

Descr. lUus., Wis. Agr. Exp. Sta., Rep. i, 1883, pp. 38-44 {:884). 

Descr., Conn. Agr. Exp. Sta., Rep. 13, 1889, pp. 155-156 (1890), 

N. Y. 00111611111111 218, pp. 137-161, figs. 17 (Apr., 1904). 

Treat, (rec.), Vt. Agr. Exp, Sta., Rep, 10, 1806-97, pp. 61-62 (1897), 
ifold {Macrosporium sarcinula^ B., var. parasituum, Thiira., and M. Porri, Ell.). 
Descr. lllus., Conn. Agr, Exp. Sta., Rep. 13, 1889, pp. 158-162 (1890). 

Treat, (rec,), Conn. Agr. Exp. Sta,, Rep. 13, 1889, p. 161 (1890). 
lot (Bacterial). 

Descr. Ill us., N. Y. Agr, Exp. Sta., Bull. 164, pp. 209-212 (1899). 

•mut {Um.ystis cepula. Frost). 

Descr. Ulus,, Conn, Agr. Exp, Sta,, Rep. 13, 1889, pp. 129-146 (1890), 

Ohio Bull. 122, pp. 71-84, figs. 4 (Dec., 1900). 

Treat, (pos,), Conn. Agr. Exp. Sta., Rep. 13, 1889, pp. 147-153 (1890). 

(By transplanting), Conn. Agr. Exp. Sta., Rep. 19, 1895, pp. 176-182 
(1896). 

Cf. U. S. Dep. Agr., Farm. Bull 39, ,pp. 16-20 (1896). 

N. Y. State Bull. 182, pp. 145-172, pi, i (Dec., 1900). 

Orange 

{Citrus auraniitm, L.) 

nthracnose (CoBetolrichwm glorosporioides Penz.). 

Bescr. Ilius., Fla. Agr. Exp, Sta., Bull. 53, pp. 17 1-173 (1900). 

Fla. Agr. Exp. Sta , Bull io8, pp. 25-47 (Nov., 1911). 
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Treat, (recj, Fla. Agr. Exp. Sta., Bull. 53, p. 173 (rgoo). 

Black'iot (AUernaria citri Ellis & Pierce). 

Coit, Citrus Fruits, p. 388 {1915). 

Cottony-mold and Twig-blight (Sclerotinut libertiana, Fkl.). 

Coit, Citrus Fruits, p. 382 (1915). 

Diplodia Rot {Dipiodia nolalensis Evans), Coit, p. 397 (1915). 

Flyspeck {Leptothyrium pomi (Mort & Fr.) Sacc.) Hume, Citrus Fruits and Tbej; 
Culture, p. 481 (igii). 

Foot-rot or Mal-di-gomma (Fusartum ItmoniSf Bri.). 

Descr. Ulus. Treat, (rec.), U. S. Dept. Agr., Div. Veg. Phys. & Path,, Byti 5^ 
pp. 28-31 (i8g6/. 

Fla. Agr. Exp. Sta., Bull. 53, pp. iSi-*iS5 (1900). 

Fruit-rot {PenicUUum digUalum (Fr.), Sacc. kPenkillium italicum, Wehm ), 
Gum-disease {Bolrytis vulgaris, Fr.). 

Coit, Citrus Fruits, p. 366 (1915). 

Leaf-glaze {Sirigvda complanala^ F€e). 

Occ., Jouin. Mycol., Vol. VII, p. 36 (1891). 

Melanose {Pkomopsis citri Fawcett). 

Descr. lUus. Treat, (pos.), U S. Dept- Agr., Div. Veg. Phys, & Path,, 

PP- 33-38 (1896). 

Nail-head Rust {Cladosporium kerharum (Pers.), Pk. var. ciiWcobm Fawccu 
Berger). 

Coit, Citrus Fruits, p. 395, 1915, Fla. Bull. 109, pp. 47-60 (May, 1912). 
Scab [Cladosporium ciiri Mass ). 

Phytopath. 6, pp. 127-142 (igi6). 

See Lemon (scab.). 

Sooty-mold {Meliola Penzigi, Sacc. and M. camelH<s (Catt.), Sacc. 

Descr. Illus. Treat, (pos.), U. S. Dept. Agr., Div. Veg. Phys. & Path., Bull. 
(1897). 

Toadstool Root- rot {ArmiUarta mellta Vahl.). 

Coit, Citrus Fruits, p. 373 (1915). 

Trunk -rot (Sckhophyllum commune Ft.), 

Coit, Citrus Fruits, p. 399 (1915). 

Wither-tip {Collelotrichum glceosporioides, Penz.), 

Coit, Citrus Fruits; 380 (1915). 

Grossenbacher, J, G.; Some Bark Diseases of Citrus Trees in Florida, Phv 
path. 6, pp. 29-50 (1916). 


Orchard Grass 


(Vactylis glomeraia, L.) 


Rust 


f Puccinia coronoda, Cda.;Duggar, p. 420 (igog). 
\ Puccinia graminis, Pers.; Duggar, p. 408 (1909). 
Scolecotrichose (Scoldc^richum graminis Fuckl.). 
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Orciteds 

{Orckidiicue) 

^ftthraciiose {Glcsosporium cinclutn Bri. & Cav. Collelotrichum cinclim (Bri. & Cav.) 
Stonem.). 

Desa., N. J- Agr. Exp. Sta., Rep. 14, 1893, pp. 414-41 7 (1894). 
inthracnose {Glmsporium macropus, Sacc.). 

{Cmospora angreci, FeuiU & Roum.). 

Osage Orange 

{Toyxlon pomiferwn, Raf.) 

,\iii{FlmopeUa fid (Cast), redo fid Cast.) 

•liirlit {Sporodesmhim machra^ Thiim. 


Palm 

{Phoinh dactylifcra, L.) 

eaf-spot [Graphioia pkmicis (Moug.) PdH.). 

Bull. 21S, Calf. Agr. Exp. Sta. (June, 1911). 

Pansv 

{Viola tricolor, L.) 

}opard Petal-blight {Colletoirickum viola-tricoJoris), R, E. Smith. 

Smith, R. E., Bot. Gaz. 27, p, 203 (March, 1899). 
ry'\ip (Fusarium Wolf,). 

'Woli, P. A.; Mycologia, 2, p. ig (January, 1910). 

Papaw 

(CflficiJ papaya, L.) 
af-ipot iVmclniopis caricce Earle), 

Parsnip 

{Pasiinaca saliva, L.) 

a-f-blight {Cercospora apii, Eres.). 

Occ., N, J. Agr. Exp, Sta., Rep. 15, 1894, p. 351 (iSgs)- 
lOt-rot {Coriiciurtt vagum, Bri. & Cav., var. sofawi, Burt.). 

Heald & Wolf, Plant Disease Survey in Texas (1912). 
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{Pisum salivum, L.) 

Damping-off {Ascochyia pisi, Lib. and Pythium sp.). 

Occ., Conn. Agr. Exp, ^ta., Rep. 23, 1899, pp. 280-281 (1900). 

Ohio Bull. 173, pp. 231-246, figs. II (Apr., 1906). 

Pod'Spot {Ascochyta pisi, Lib.). 

Descr., N. J, Agr. Exp. Sta., Rep. 14, 1893, p. 358 (1894). 

Treat, (rec.), Del. Agr. Exp. Sta., Bull. 41, pp. 9-11 (i8g8). 

Leaf-spot {Septoria pisi, West.). 

Occ., N. J. Agr. Exp. Sta., Rep. 14, 1893, p. 358 (1894). 

Mold {Pkospora pisi (Sow.), Fckl.j. 

Occ., N. J. Agr. Exp. Sta,, Rep. 14, 1893, p. 358 (1894). 

Powdery Mildew {Erysipke Poly^oni, DC.), 

Descr., N. J. Agr. Exp, Sta., Rep, 14, 1893, p. 357 (1894). 

Peach 

{Prunus persica, Benth. & Hook) 

Anthiacnose (Glxosporium ladicolor, Berk.). 

Occ. Ohio Agr. Exp. Sla., Bull. 92, p. 225 (1898). 

Brown-rot {Sclerotinia- cimrea (Bon.) Schrot.) Heald, F. W., Washington ,\gricul. 

turist, VIII, No. 9, June, 1915. 

Crown-gall {Pseudomonas tumefaciens, E. F. Sm, and Towns.). 

Die-back {Yalsa leucostoma (Pets.) Fr.). 

Stevens & Hall, Diseases of Economic Plants, p, 129 (1910). 

California Peach Blight {Coryneum Beijmnckii Oud.). 

Oregon Stat. Biennial Report, p. 255 (1911-12). 

Cal. Bull. 191, pp. 73-98, figs. 17 (Sept., 1907). 

Frosty Mildew {Cercosporella persica, Sacc.). 

Stevens & Hall, Diseases of Economic Plants, p. 133 (1910). 

Fruit-mold or Twig-blight {Schrolinia fruciigena (Pers.) Schrot.). 

Descr. lUus., Journ. Mycol., Vol. VII, pp. 36-38 (1891). 

Ga. Agr. Exp. Sta., Bull. 50 (1900). 

Treat, (pos.), Ga. Agr, Exp. Sta., Bull. 50, pp. 267-269 (1900). 

Cf. Conn. Agr. Exp. Sta., Rep. 24, 1900, pp. 352-254 (1901). 

Cj. Cherry (Fruit-mold and Twig-blight). 

Pustular-spot {Uelminihosporium carpophilum, Lev.). 

Occ., Mich. Agr. Exp. Sta., Bull. 103, p, 57 (1894). 

Treat, (pos.), Ohio Agr. Exp. Sta., Bull, 92, p. 225 (1898). 

Leaf-blight or Shot-hole {Cercosporella persica, Sacc.). 

Occ., N. C. Agr. Exp. Sta., Bull. 92, p. 103 (1893). 

Treat (rec.), N. C. Agr. Exp. Sta., Bull. 92, p. 103 (1893). 

Leaf-blight or Frosty Mildew {CercospvreUa persica, Sacc.). 

Occ,, Journ. Mycol, Vol. VII, p, 91 (1892). 
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{K.vc?asc«s deformans (Berk.), Fckl.). 

^ Oe?< r. Ulus., N. Y. (Corn, Univ.) Agr. Exp. Sta., Bull. 73, pp. 324-325 (18^4). 
U. S. Dep. Agr., Div. Veg. Phys. & Path., Bull. 20 (1900). 

Trciiu (pos.), N. y. Cornell Bull. 276, p. 151-178, figs. 8 (Apr., 1910). 

U. S. Dep. Agr., Div. Veg. Phys. & Pali., Bull. 20 (1900). 

Powdery :\lildew {Spharoikeca pannosa (Wallr.), Lev. ?“and Podospka^a oxyacantka: 
(DC.), deBy.). 

Occ., Journ. Mycol., Vol. VII, p. 90 (1892). 

Desrr. IHus., N. Y. (Com. Univ.) Agr. Exp. Sta., Bull. 74, p. 381 (1894). 

Root-rot (Fwwgjw 

Occ., Journ. Mycol., Vol. VII, p. 377 (1894). 

Ohio Agr, Exp, Sta., Bull. 92, p. 235 (1898). 

Rust (Puranm pruni- Per sice Hori). 

Phytopath. 2, p. 143-145, also Tranzschelia punctata (Pers.) Arth. 

2(1 Biennial Crop Pest and Hort, Rep. Oregon (June, 1915). 

Sec Cherry (Rust). 

Scab [Ciadosporium carpophihm, Thiim). 

Descr. Illus., Ind. Agr. Exp. Sta., Bull, 19, pp. 5-8 (1889). 

Dei. Agr. Exp, Sta., Rep. S, iSps-Qd, pp. Ci'o-d3 (1896). 

Ohio Agr. Exp. Sta., Bull. 92, pp. 220-222 (1898). 

Treat, (pos.), Del. Agr. Exp. Sta,, Rep. 8, 1895 --96, p. 63 (1896). 

(/. N. J. Agr. Exp. Sta., Rep. IS, 1894, pp. 328-330. (On leaves). 

Conn. Agr. Exp. Sta., Rep. 20, 1896, pp. 269 '27 t. (On twigs). 

Bull. 395, U, S. Dept. Agric., 1917. 

Shot-hole {Coryncam Beijerinckii Oud.). 

Stevens & Hall, Disease of Economic Plants, p. 129 (igro). 

Stem-blight {Phoma per sice, Sacc.). 

Descr. Ulus., Ohio Agr. Exp. Sta., Bull. 92, pp. 233-234 (1898). 

Yellows. 

Stevens & Hall, Diseases of Economic PlanLs, p. 13s (1910). 

Pkanut 

{Arachis hypogea, L.) 

ttaclerial Blight {Bacillus solanacearunt, E. F. Sm.). 

Phytopathology IV; 397 (December, 1914). 

Leaf-spot^ [Cercespora personala (Bri, & Cav.), Ell. & Ev.), 

Phytopathology IV; 397 (December, 1914). 

Ped-rot {N eocosmopora vasinjecla (Atk.) E. F. Sm.). 

Phytopathology IV; 397 (December, 1914). 

Sclerotial-rot [Sekrotium Rolfsii Sacc.). 

Phytopathology IV; 397 (December, 1914). 

'Consult also Wolf, Frederick A.; Further Studies on Peanut Leaf-spot. 
Journ. Agr. Res. 5, pp, 891-902, Feb., igi6. 
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Pear 

{Pirus communis, L.) 

Anthracnose {CoUetotrichum sp.)- 

Occ., N. J. Agr. Exp. Sta., Rep. 15, 1894, p. 331 (1895). 

Bitter- rot {Glomcrella rufomaculans (Berk.), Spauld. & v. Schr.). 

Stevens & Hall, Diseases of Economic Plants, p. 107 (igio) 

B Lack-rot {Sphceropsis malorum, Berk.), 

Brown-blotch {Macrosporium Sydow-iamm, Farneti). 

Circ. 53, N. J. Agr. Exp. Sta. 

Body-blight or Canker {Sphaeropsis malorum, Berk.). 

Occ., N. Y. Agr. Exp. Sta., Bull. 163, p. 203 {1899). 

Dry-rot (T/tekphora pedicdlata, Schw.). 

Descr., Journ. Mycol, Vol. VI, pp, 113-114 (i8gi). 

Treat, (pos.), Journ. Mycol., Vol. VI, p. 114 (1891). 

Fire-blight {Bacillus amylovorus (Burr.), Trev.). 

Descr. Ulus., N. Y. Agr. Exp. Sta., Rep. S, 1886, pp. 275-289 (1887). 

Descr., Conn. Agr. Exp. Sta., Rep. 18, 1894, pp. 113-116 (1895). 

U. S. Dept. Agr., Year-book for 1895, pp. 295-298 (1896). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 145, pp. 622-625, 1898. 

Utah Bulb 85, Nov., 1903, pp. 45-52. 

Vt. Rep. 1902, pp. 231-239. 

Ark. Bull. 113, 1913, pp. 493-505- 
Treat, (pos.), Phytopath. 6, pp. 152-158, 288-292 (1916). 

Fly-speck {Leptotkyrium carpophilum, Pass.). 

N, J. Agr. Exp. Sta., Rep. 18, 1897, pp. 378-383 (1898). 

Fruit Spot {Fairm maculatim, (L^v,), Atk.). 

Leaf- blight {Pabrm maculatum (L6v.), Atk. and Cercospora minima, Tracy and 
Earle). 

Descr. Ilius., U. S. Dep. Agr., Rep. for 1888, pp. 357-362 (1889). 

Deb Agr. Exp. Sta., Bulb 13, pp. 4-6 (1891). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bulb 145, p. 611 {i8g8,i 
Heald and Wolf, Plant Disease Survey, San Antonio, Texas, 
(1912). 

Treat (pos.), R. I. Agr. Exp. Sta., Bull. 31, pp. 5-9 (1895). 

C/. Quince (Leal-spot). 

Leaf-spot {Sepioria piricola, Desm.). 

Descr. Illus., Treat, (pos,), N. Y. (Corn. Univ.) Agr, Exp. Sta., Bull i 45 i PP 
597-611 (1898). 

Rust ifiymnosporangium globosutn, Far!.), 

Occ., Conn. Agr. Exp. Sta., Rep, 14, 1890, p. 98 (1891). 

Scab [Fusicladium pirinum (Lib.), Fckl. = Venturia pirina, Aderh.). 

Descr, Illus., N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 145, pp. 616-620 (iSgS)- 
Treat, (pos.), Vt, Agr. Exp, Sta., Bull, 44, pp. 85-90 (1895). 

C/. Apple (Scab). 
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‘hot-hole {Cylindrosporium padi, Karst.). 

Bull 212, Colo. Exp. Sta. (October, 1915). 

Pecan 

{Hicoria pecan (Marsh,), Butt.)^ 

Uthracnose {Glomerella cingulata (Stonem) S. & S.). 

Irown Leaf-spot (Cercospora fusca, Rand). 

’roffc-gall {Pseudomonas iimefackm, E. F. Sm. & Tuwns.). 
vcrael-spot {Coniotkyrium caryogenum, Rand). 

.eal-blight (Sephria cary<s, Ell. & Ev.). 

Heakl & Wolf, Plant Disease Survey in Texas (1912). 

,eaf 'blotch {Uycospheorella consexula (Schw.), Rand). 

Phytopath, I, pp, 133-138 (1911). 
dildew {Micmph(era alni (Wallr.), Wint. 

\’ursery-blight {Phyllosticta caryce, Pk). 
hab {Fuskladium effusum, Wint.). 

Orton, W. A., Science, new ser. 21, p. 503 (March 31, 1905). 

Peony 

{P^onia o^kinalis, L.) 

do(d (Boirytis pceonia^ Oud.) 

Peppers 

{Capskum annuum, L.) 

Inthracnose {Colletotrichum nigrum, Ell. & Hals, and Glceosporium piperalnm, Eli. 

& Ev.). 

Descr. Ulus., N, J. Agr. Exp. Sta., Rep. n, 1S90, pp. 358-359 (1891). 

€/. N. J. Agr. Exp. Sta., Rep. 13, pp. 332-333 (1893) ■ 

Pruit-iot {Gloeosporiuni piperatum, Ell. & Ev.). 

^lold {Macrosporiufit sp.). 

Occ., N. J. Agr. Exp. Sta., Rep. 15, 1894, p. 351 (1895). 

.eaf-spot {Cercospora capski, Heald & Wolf) . 

Persimmon 
{Diospyros spp.) 

Hack Leaf-spot {Cercospora fuUginosa, E11.& Kellcm). 

-eaf-spot {Cercospora kakl, Ell. & Ev.), 
rui't-rot {PhyllosUcta biformis, Heald & Wolf). 

‘R^nd, Frederick V.: Some Diseases of Pecans, Journal of Agricultural Re- 
pp. 303-337/ Jtine 10, 1914. 
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Agaricits. 

Cercospora alra, Ell. & Ev. 
GlijsosP(trium dinspyri, Ell. & Ev. 
See N. C. Agr. Exp. Sta., Bull. 92, p. iifi (1893). 


MisceUaneous Fungous Diseases. 


Phlox 
{Pklox spp.) 

Leaf -spot {Septoria divaricates, Ell. & Ev.). 


Pine 

(Pmit5 spp.)^ 

Blister-rust {Cronartium ribicola, Fisch. ( = Peridermium strobi (KJeb.), Spauld.) 
Bull. 206, Bureau of Plant Industry, 1911; American Forestry (Feb., Dec,, 
1916). 

Bluing {Ceraiostomella pUiJera (Fr.) Wint.) . 

von Schrenk, U. S. Bureau Plant Industry, Bull. 36 (1903). 

Chalky Quinine Fungus (Pomes laricis (Jacq.), Murr.). 

Meinicke, 1914, p. 44. 

Dry-rot (Trametes Pini (Brot.) Fr., and T. radiciperda Hartig=sF{jm« ajjHpjtd 
(Fr.), Cke.). 

Descr. lUus., U. S. Dep. Agr., Div. Veg. Phys. & Path., Bull. 25, pp. 31-40 
(1900). 

Gray Leaf- tip (Sypoderma Desmazim, de By.) . 

Stevens & Hall, Diseases of Economic Plants, p. 445 (1910) . 

Leaf -blight (iMpkodermium brachysporum, Rostr. = Hypoderma hr achy x pom 
(Rostr.), Tubcuf.). 

Stevens & Hall, p. 445 (1910). 

Needle Disease (Hypodermadeformans, Weir on Pinus o^a, Laws. Journ. Agric. 

Res. VI: 277-288, May 22, 1916). 

Pine Gall (Peridermium HarknessU Moore =P. cerebrum Pk.). 

Meinecke, E. P., Forest Tree Diseases Common in California and Nevada, 
U. S. Forest Service (1914). 

Punk-rot (Polyporus pinkola, Atk. -Pomes ungtdcUus (Schraeff) Sacc.). 

BuU. 193, Corn. Univ. Agr. Exp. Sta. (June, 1901). 

Red-rot (PolyPorus pondtrosus, v. Schr.) . 

U. S. Bureau of Plant Industry, Bull, 36 (1903). 

Root-rot (Polyporus Schweinitzii, Fr.) . 

Descr. Ulus., U. S. Dep. Agr,, Div. Veg. Phys. & Path,, Bull. 25, pp. 18-24 (1900)- 

' The twelve species of Peridermium found in American pines are described by 
Arthur and Kem in North American Species of Peridermium, Bull. Totr. Hot 
Club 33, pp, 403-438, 1906. 
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^st {Colo^^porim pini, Gaii^GaUawaya pint (Gali.), Arth. and Peridemiim 
p'nijorme, Pk.)' 

Uescr , Journ. HycoL/VoL VII, p. 44 {1891). 

I'et rot {Polyporus subacidus, Pk. ?). 

Descr. Ulus., U. S. Dep. Agr., Div. Veg. Phys. & Path., Bull. 25, pp. 44^49, 
(1900). 

Pink (Sweet William) 

{Dianihus barbatus, L.) 

Mold [lidcrospoHum echinulatum (Berk.), Cke.). 

Rust {Pumnia arenaria (Schum.), Wint.). 

Descr. lUus., N. J. Agr. Exp. Sta., Rep. ij, iSgp, pp. 2^8-280 (1895). 

Treat (rec.), N. J. Agr. Exp. Sta., Rep. 13, 1892, p. 280 (1893). 

Plum 

iPrunns spp.) 

BacterialLeaf-spot(Pic«(iomcwcw^rMW, E. F. Sm.). 

Ileald & Wolf, Plant Disease Survey, San Antonio, Texas (1912). 

Black-knot {PlowrigkHa morhosa (Schw.), Sacc.). 

Descr. Ulus. Treat, Ky. Agr, Exp. Sta., Bull, 80, pp. 250-256 (1899). 

Cj. Cherry (Black Knot), 

Janker {}iectria ditissima, Tul.). 

Descr., See U. S. Dep. Agr., Exp. Sta. Rec., IX-8, pp. 761 -762 (1898). 

Die back {Valsa hucostoma (Pers.), Ft,), 

Heal'd ife Wolf, Plant Disease Survey, San Antonio, Texas (1912). 

Fire-blight (Bacterial). 

OiT., Conn. Agr. Exp. Sta., Rep, 18, 1894, pp. 117-118 (1895), 

Fruit- mold {Sckrotinia fructigena, Kze. & Schm.). 

Descr. Ulus., Oreg. Agr. Exp. Sta., Bull. 57, pp, 3-12 (1899). 

Treat, (pos.), N, Y. (Com. Univ.) Agr. Exp, Sta., Bull. 86, pp. 71-72 (1895). 

Mo. Agr. Exp. Sta., Bull. 31, pp. r6-i8 (1895). 

Valleau, W. D.; Varietal Resistance of Plums to Brown Rot, Journ. Agr. Re- 
search V, pp. 365-395 (19^5)- 
Cj. Cherry (f'ruit-mold). 

Leaf-curl [Eomascus mirabilis, Atk,). 

Descr. Ulus., Conn. Agr. Exp. Sta., Rep. 19, 1895, pp. 183-185 (1S96). 

Treat (pos.), Conn. Agr. Exp. Sta., Rep. 20, 1896, p. 281 (1897). 

Leaf-spot {Cylindrosporium padi, Karst and Phyllosticta congesla, Heald & Wolf), 
Descr, Illus.,,N. Y. Agr. Exp, Sta., Rep. 5, 1886, pp. 293-396 (18S7). 

N. Y. Agr. Exp. Sta., Rep. 6, 1887, pp, 347“3So (1888). 

Treat, (pos.), U. S. Dep. Agr., Div. Veg. Path., Bull. 7, p. 30 (1894). 

N. Y. Agr. Exp. Sta., Rep. 15, 'gO, pp. 384-401 (1897), 

t/. Cherry (Leaf-spot). 
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Plum-pockets {Exoascus pruniy Fckl.}. 

Descr. Ulus., U. S. Dep. Agr., Rep. for iSSS, pp. 3(56-369 (1889). 

N. Y. (Corn. Univ.) Agr, Exp. Sta., Bull. 73, pp. 329-350 
Treat, (rec.), N. C. Agr, Exp. Sta., Bull. 92, p. iii (1893}. 

Powdery Mildew {Podosphxra oxyacanthm (DC.), de By.), 

See Cherry (Powdery Mildew). 

Root-rot {Armillaria mellea, Vahl). 

Bull. S9, pp. 14 (1903). 

Rust (Puccinia pruni spinos<B, Pers. == Tranzschelia punctata (Pcrs,), Arth.). 
Descr., Journ. Mycol., Vol. VII, pp. 354-356 (1894). 

Treat, (pos.), Journ. Mycol., Vol, VII, pp. 356-362 (1894). 

C/. Cherry (Rust). 

Scab (Cladosporium carpophilum, Thiim). 

Descr., Journ, Mycol,, Vol. VII, pp. 99-100 (1S92). 

Descr. Illus., Iowa Agr. Exp. .Sta., Bull. 23, pp. 918-920 (1894). 

Cf. Cherry and Peach (Scab) . 

Shot-hole {Cylindrosporium padi, Karst). 

Pomegranate 
{Punka granalum, L.) 

Leaf-spot {Cercospora lylhracearum, Heald & Wolf), 

Pomelo • 

{Citrus dKc^imana^ Murr.) 

Anthracnose {CoUetolrichum glceosporioides, Penz,}. 

Fla. Bull. 74, pp. '1 59-1 72, pis- 4 (August, 1904). 

Canker {Pseudomonas cUri, Basse). 

Journ. Agr. Research VI, pp. 69-99 (April, 1916). 

Poplar 
{Populus spp.) 

Anthracnose (Marssonia populi (Lib.), Sacc.). 

Descr., N. J. Agr. Exp. Sta,, Rep. 15, 1894, pp. 394 396 (1895). 
Leaf-spot {Septoria musiva, Pk.) and {Sepioria popuUcola, Pic.). 

Rust {Melampsora populina (Jacq,), Lev.). 

Descr. Illus., U. S. Dep. Agr., Rep. for r888, pp. 390-392 (1889). 
Treat, (pos.), Mass. Agr. Exp. Sta., Rep. 7, 1894, p. 20 (1895), 

Potato 1 
{Sotamm tuberosum^ L.) 

Anthracnose {Vermicularia, sp.). 

Black-leg {Bacillus phytophihorus^ Appel), 

Orton, W. A,, Potato Tuber Diseases, Farmery’ Bull, 544 (1913). 
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MiBtu illas solanacearum, E. F. Sm.). 

D&cr. Ulus. Treat (rec.), U. S. Dep. Agr., Div. Vcg. Phys. & Path,, Dull. 12 
(1896). 

thytridiosc or Blact Scab (Synchytrium endobioiicum (Schilb.) Percival=CAryro- 
phlycHs endobiotica, Schilb.) 
bownv' Mildew or Rot (Phylophtkora infestms, de By.) . 

Oescr. Illus., U. S. Dep. Agr., Rep. for 1888, pp. 337-338 (1889). 

N. H. Agr. Exp. Sta., Bull. 22, pp. 3-5 (1894). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull,. 1 13, pp, 249-254 (1896). 
Vt. Bull. 168, pp. 100, pis. 10, figs. 10 (August, 1912). 

Conn. Rep., pt. 10, pp. 753-774 (1909). 

Melhus, I. E., Hibernation in the Irish Potato, Journ. Agr. 
Research V, pp. 71-102 (1915). 

Treat, (pos.), U. S. Dep. Agr., Farm. Bull. 91 (1899). 

)rV"rot {Fusarium solani (Mart.) Sacc. andE. radicicola, Wollenw.). 

Occ., 111 . Agr. Exp. Sta., Bull. 40, p, 139 (1895). 
ntcrnal Browning (Bacterial ?). 

Descr., 1 ) 1 . Agr. Exp. Sta., Bull. 40, pp. 138-139 (1S95). 

N. Y. Agr. Exp. Sta., Bull. lor, pp. 78-83 (1896). 

.eaf-blofch (Cercospora concors (Casp.) Sacc.) . 

Stevens & Hall, Diseases of Economic Plants, p. 278 (igio). 

,caf-mold or F.arly-b light {AUernaria solani (Ell. & Mart.), Jones & Grout). 

Descr. Ulus., Del. Agr. Exp. Sta., Rep. 4, 1891, pp. 58-59 (1892). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 140, p. 393 (1897). 

Vt Agr. Exp. Sta., Bull. 72, pp. 16-25 (1899). 

Treat, (pos.), U. S. Dept. Agr., Farm, Bull. 91, pp. 5-7 (1899). 

Wise. Rep., pp. 343-354. figs. 7 (1907). 

..cak {Pylhium de Baryanum^ Hesse.) 

Journ. Agr. Research VI, pp. 627-640, pi, i (1916). 

Pondeiy^ Scab (Spongospora suhterranea), 

Orton, W. A., Potato Tuber Diseases, U. S. Farm. Bull. 544 (1913), 

Bull., U. S. Dept Agr., No. 82 (1914). 

Fowdery Dry-rot [Fusarium Irichothecoides Wollenw.). 

Orton, W. A., U. S. Farm. Bull. 544 (1913)- 

Pratt, Journ. Agric, Res., VI: 817-831, Aug. 21, 1916. 

Root-rot [Enhrrhiza solani, Fautr.). 

See U. S. Dept. Agr., Exp. Sta. Rec., VII-io, p. 873 (1896). 

Scab (AcHnomyces ckremogenes, Gasp.). 

Descr, Ulus., Conn. Agr. Exp. Sta., Rep. 14, 1890, pp. 81-95 (1891). 

Descr, Ifius., Conn. Agr, Exp. Sta,, Rep. 15, rSgr, pp. 153-160 (rSg^). 

; ' G.^kpenter, C. W.: Some Potato Tuber-rots Caused by Species of Fusarium, 
journal of Agricultural Research V, pp. 183-209 (Nov. i, 1915). 
l ’Consult Melhus, I. E., Rosenbaum, J. and Schultz, E. S.: Studies of Spon- 
pospora siibterranea and Phoma tuberosa of the Irish Potato, Journ. Agr. Research 
Ml, pp. 213-253, October, 1916, also IV, pp. 265-278. 
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CJ. W. Va, Agr. Exp. Sta., Sp. Bull. 2, pp. 97-111 (1895). 

Treat (pos.) Journ. Agr. Research IV, pp. 129-133 (1915). 

(Cor. Sub.) Mich. Agr. Exp. Sta., BuE, roS, pp. 38-45 (1894). 

Ind. Agr. Exp. Sta., Bull. 56, pp. 70-80 (1895). 

Cona, Agr. Exp. Sta., Rep. 19, 1895, pp. 166-176 (i8y6). 
(Formalin) U. S. Dep. Agr,, Farm. Bull, 91, pp. 9-10 (1899), 

Scurf {Rhizodonia solani, Kuhn = Corlicium vagum, B, & C., var. solani, 
Silver-scurf {Spondylocladium atrcvirens, Harz.). 

Orton, U. S. Farm. Bull. 544 (1913). 

Journ. Agr. Research VI, pp. 339-350 (June, 1916). 

Stem-blight (Piisarium acuminatum, EU. & Ev. ?). 

Descr., N, Y. Agr. Exp. Sta., Bull. loi, p. 85 (1896), 

Cf. N. Y. Agr, Exp. Sta., Bull. 138, pp, 632-634 (1897). 

Stem-rot {Corticium vagutn, Bri. & Cav., var. solani, Burt). 

Cal. Bull. 70, pp. 1-20, pis. 12 (March, 1902). 

Tuber-rot {Pusarium oxysporum, Schlecht). 

Orton, U. S, Farmer’s Bull. 544 (1913). 

Bull., U. S. Hep. Agr., No. 64 (1914). 

Wart (Synchytriufn endobiotkum (Schilb,), Percival). 

Orton, W. A., Potato Tuber Diseases, U. S. Farmer’s Bull. 544 (1913). 
Wet-rot {Bacteria^). 

Descr., Del. Agr, Exp. Sta., Rep. 4, 1891, pp. 54-57 (1892). 

Wilt {Bacillus solanacearum, E. F. Sm.).' 

Yellow-blight {Sclerotinia liberliana, Fckl.; Syn. Pmaa postuma, Berk. & Wils.?). 


Primhose 
{Primula, spp.) 

[ PhyUosticta primulicola^ Desm. 
' Ramularia primult^, Thm. 

I CoUclolrichum primula, Hals. 

( Ascockyla primula, Trail. 

See N. J. Agr. Exp. Sta., Rep. 15, 1894, pp. 377-380 (1895). 


Miscellaneous Fungous Diseases. 


Privet 

{Ligustrum vulgare, L.) 

Anthracnose {Glaosporium cingulalum, Atk.). 

Descr. Illus., N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 49, pp. 306-314 
Leaf-spot {Cercospora adusia, Heald & Wolf, C. Ugustri, Roum and 
avalijolia, Brun.) 

Quince 

{Pirus cydonia, L.) 

Black-rot {Spharopsis mdorum, Berk.). 

Descr. Illus., N. J. Agr. Exp. Sta., Bull. 91, pp. S-ro (1892). 

Treat, (rec.), Conn. Agr. Exp. Sta., Bull. 115, pp. 6-7 (1893). 
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{BacUlus rnyUnorm (Burr.), Trev.). 

See Apple and Pear (Fire-blight). 

ea(-l)lighl {Entomsporium maculmum, l.ly^Eabraea mactdatum (L 4 v,) Aik. 

Descr. lHus., See Pear (Leaf-spot). 

Treat, (pos.), K Y. (Corn, Univ.) Agr. Exp. Sta., Bull. 8o, pp. 619-635 (1894). 
Joid {ScEroiinia cydonia, Schellenb.). 

>alc-rot (PiKJwa cydoni®, Sacc. & Schulz.?). 

Descr. lUus., N. J. Agr. Exp. Sta., Bull. 91, pp. lo-n (1892). 

(ipe-rot or Anthracnose {Glxosporium frucHgenum, Berk.). 

See Appls Grape (Ripe-rot). 

{Gyrnttosporangium davipes, C, & P,, Syn. Rmldia aurantiaca, Pk.), 

Descr. IIlus., N. J. Agr. Exp. Sta., Bull. 91, pp. 2-5 (1892). 

N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 80, pp. 635-626 (1894).' 
Mass. Hatch Rep., pp. 61-63 (1897). 

Treat, (rcc.), N, Y. (Corn. Univ.) Agr. Exp, Sta., Bull. 80, p. 627 (1894). 

Radish 

{Raphanus sativuSf L.) 

lub-root {Plasmodiophora brassiccs, Wot.). 

Occ., N. J. Agr. Exp. Sta., Rep. ii, 1890, pp. 348r-349 (1891): 
owny Mildew {Peronospora parasitica (Pers.) deBy.). 

Occ., N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 349 (1891), 
hite rust {Cystvptis candidus (Pers.), L6v.). 

Occ., N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 350 (1891). 

Treat, (rec.), N. J. Agr. Exp. Sta., Rep. ii, 1890, p. 350 {1891). 

Raspberry 
(Rubus spp.) 

Uhracaosc {Glmsporium venetumf Speg. = Gl. necaior, Ell. & Ev.). 

Descr. Ulus., U. S, Dept Agr., Rep, for 1887, pp. 357-360 (1888). 

Ohio Agr. Exp. Sta., Bull. IV-6, pp. 124-126 (1891). 

N. Y. Agr. Exp. Sta., Bull. 124, pp. 262-264 (1897). 

Treat (pos.), Conn. Agr. Exp. Sta., Rep. 23, ’99, pp. 274-276 (1900). 

4 ck-blight [Fusantm, sp. ?). 

ue-stem {Acrostolagmis caulophagus, Lawrence.). 

MasKington Bull, 108, pp. 30, figs. 28 (October, 1912). 
ine-lilight {Coniothyrium Fttckelii, Sacc.). 

Stevens & Hall, Diseases of Economic Plants, p. 177 (1910). 

Bescr. N. Y. Agr, Exp. Sta., Bull. 107, pp. 305-307 (1899). 
o'tQ-gall (Possibly identical with Crown-gall of Peach, q.v.). 

Sec Ohio Agr. Exp. Sta., Bull. 79, pp. 108-112 (1897). 

(Bacterial). 

Bcscr,, Ohio Agr. Exp. Sta., Bull. IV-6, pp, 128-129 (1S91}. 
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Leaf-spot {Scptoria ruhi, Westd). 

Mushroom Root-rot {Armillaria mellea Vahl), 

Ore. Sta. Bien. Rep. (1911-12). 

Orange- rust (Gymnoconia interstitiaiis). 

Bull. 212, Colo. Exp. Sta. (October, 1915). 

Rust {Gymnoconia intersiiiialis (Schl.) v. Lagerh.). 

Spur-blight {Spkcerella rubina Pk.). 

Bull. 2r2, Colo. Exp. Sta. (October, 1915). 

Wilt {Leptosphccria coniotkyrium (Fckl.) Sacc.). 

Red Gusi 

{Liquidamhar styracifiua, L.) ^ 

Sap-rot {Polysticl'us versicolor, (L.) Fr.). 

von Schrenk, Diseases of Deciduous Forest Trees, U, S. Bur. Plant laduslF 
Bull. 149 (1909), 

Red Top 
{AgrosUs alba, L.) 

Sclerotial Disease {Sclerolium rhkodes, Auersw.). 

Conn. Exp. Sta., Rep., p. 23 (1914). 

Rice 

(Oryza saliva, L.) 

Blast {Piricularia oryza, Cav.). 

Stevens & Hall, Diseases of Economic Plants, p. 352 (1910). 

Cook, Diseases of Tropical Plants, p. 99 (1913). 

Smut {TUletia corona, Scrib.). 

Descr. Ulus., S. Car. Agr. Exp. Sta., Bull. 41, pp. 7-11 (1899). 

Treat. (rec.J, S. Car. Agr. Exp. Sta., Bull. 41, pp, 15-29 (1899). 

Rose 

{Rosa spp.) 

Anthracnose {Glasosporium rosa, Hals.). 

Descr. Ulus., K J. Agr. Exp. Sta., Kcp. i#, 1S93, pp. 401 -405 (1894). 
Cane-blight {Coniotkyrium Fuckelii Sacc.). 

Downy Mildew {Peronospora sparsa, Berk.). 

Occ., N. J, Agr. Exp. Sta., Rep. 13, 1892, p. 282 (1893). 

Won Schrenk, Hermann: Sap-rot and other Diseases of the Red Gum, !'• 
S. Bureau of Plant Industry, Bull. 114, 1907, where , all the important disease 
are considered, 
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.jLf-blotch {Aciinonema rose (Lib.), Fr.). 

Deacr. Ulus., U. S. Dep. Agr., Rep. for 1887, pp. 566-368 (1888). 

Treat, (pos.), N. J. Agr. Exp. Sta., Rep, 13, 1892, p. 281 (1893). 
af-spot {Sphcerella rosigena, EU.). 

Occ, 

Edeff [Pcronospora sparsa, Berk.). 

);vdery l^liWew (Sphoeroiheca pmnosa (Wallr.), L6v.). 

Descr., N. J. Agr. Exp. Sta., Rep. 13, 1892, p. 281 (1893), 

Treat, (pos.), N. J. Agr. Exp. Sta., Rep. 13, 1892, pp. 281-282 (1893). 
,st(Pferagmi(iwm suhcoTlkiim (Schtank.) Win.t. and Pk. spcciomm, Fr.). 
Descr, Ulus., U. S. Dept. Agr., Rep. for 1887, pp. 369-372 (1888). 
Treat, (pos.), See U. S. Dept. Agr., Exp. Sta. Rec., X-7, p. 651 (1899) 
rig-blight (BcJlrytfi cinerea, Pers.). 


Rye 

(Secale cereak, J.,) 

Auenost {Colletoirichtm gramincola (Ccs.) 'Wilson). 
got {Claviceps pitrpwea, (Fr.) TuL). 

Descr. lilus., S. Dak. Agr. Exp. Sta., Bull. 33, pp. 40-43 (1893). 

Treat, (rec.), N. C. Agr. Exp. Sta,, Bull. 76, p. 20 (1891). 
st (Black-stcm, Puccinia graminis, Pers., and Orange-leaf, P. rubigo-vera (DC.), 
Wint.). 

See U. S. Dep. Agr., Div. Vcg. Phys. & Path., Bull. 16, pp. 42-45 & 60. 
\it{Uracyslis occulta (Wallr.), Rabh.). 

Occ. Ulus., Mass. Agr. Exp. Sta., Rep. 9, 1891, p. 247 (189 2), 

Treat, (pos.), sec Oats and Wheat (Smut). 
m-b!ight {Leplospheria herpotrichouhs, de Not). 

Salsify 

{Tragopogon porrifolius^ L.) 

t (Bacterial). 

OescT., N. J, Agr. E.xp. Sta., Rep. n, 1890, p. 351 (1891). 
ite-rust {Cystopus iragopogonhy (Pers.), Schrot,). 

Occ., N. J. Agr. Exp. Sta., Rep. 15, 1894, p. 355 (1895). 

'^^{Pmima iragopogoni (Pers.), Cda.). 

Scrub Pine 

{Pinus Diriginiam, Mill) 

1 Disease {Cronarlium quercus (Brand.) Schrot). 

Graves, A. H., Phytopathology IV (February, 1914). 

■rt-rot {Tramtes pini (Brot) Fr.). 

Graves, A. H., Phytopathology IV (February, 1914). 
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Leaf-cast {Gallawaya pini (Gall.)i Arth.). 

Graves, A. H., Phytopathology IV (February, 1914). 

Rust {Coleosporium inconspicuum (Long), Hedg.)* 

Graves, A. IL, Phytopathology IV (February, 1914). 

Shaddock or Grape-Fruit 
{Citrus decumana, Murr.) 

See Lemon and Orange 
Snapdragon 
(Antirrhinum majus, L.) 

Anthracnose (CoUetotrichum mtirrhini, Stewart). 

Bescr. Ulus. Treat, (pos.), N. Y. Agr, Exp, Sta., Bull. 179 (1900). 

Root-rot {Thidavia baskola, ZopL). 

Rust (Puccinia mtirrhini, Diet. & Holway.). 

Stem-rot [Phoma sp.). 

Descr. Treat, (rec.), N. Y. Agr. Exp. Sta., Bull. 179, pp. 109-110 (1900). 
Sorghum 

(Sorghum vulgare, Pers.) 

Blight (Bacillus sorgki, Burrili), 

Descr., Kan. Agr. Exp. Sta., Rep. i, 1888, pp. 281-301 (1889). 

Treat, (rec.), Kan. Agr. Exp. Sta., Rep. i, 1888, pp. 301-302 (1889). 
Head-smut (Soros porium reUianum (Kuhn) Me Alpine). 

Joum. of Agr. Research II, pp. 340-371 (Aug. 15, 1914). 

Descr. Ulus., Kan, Agr. Exp. Sta., Bull. 23, pp. 95-96 (1891). 

111 . Agr. Exp. Sta,, Bull. 47, pp. 374-388 (1897). 
lU. Agr, Exp. Sta,, Bull- 57, pp. 335^347 (1900)- 
Treat, (pos.), Dl. Agr. Exp. Sta., Bull. 57, pp, 345-346 (1900). 

Kernel-smut (Spkacdotheca sorghi ) . 

Bull. 212, Colo. Agr, Exp. Sta. (October, 1915). 

Joum. Agr. Research II, pp. 339-371, pU. 7 (1914). 

SOY 

(Soja hispida, Moench.) 

Wilt-disease (Fusarium trachdphilum, E. F. Sm.), Joum. Agric. Res, 8’. 42i'd!)t 
with I pL, Mch. 12, 1917. 

Spinach 

(Spitiaeia oleracea, Mill.) 

Leaf -blight (Cercospora beticola, Sacc.). 

Descr., N. J. Agr. Exp. Sta., Rep. ir, i8go, p. 355 (1891). 

C/. N. J. Agr. Exp, Sta., Rep. 18, 1897, p. 303 (1898). 
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Anthracnose {CoUetotrichum spinocea, ^ ’ 
Downy Mildew {Per&ttospora efusa, (Grev . 
< Leaf-spot chmopodii, Sacc.). 

Scab {CladosporiuPi macrocar pum, Preuss). 
White Smut {Entyloma EUim, Hals.) . 
pescr, lilus., N. J. Agr. Exp. Sta., Bull. 70 (1890). 

Treat, (rec.), N. J. Agr. Exp. Sta., Bull. 70, pp. 13-14 (1890). 


Miscellaneous 
Fun^oits Diseases. 
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Spruce 
{Picea spp.) ^ 

flight of Sttd\ings{Ascochytapiniperda,Lind2i\x = Diplodina parasitica {Hart, Prill), 
and Sclerotinia Fuckeliana, deBy). 

Graves, A. IL, Phytopathology IV (April, 1914). 
irown-rot {PolyPorus sulphureus (Bull.) Fr.). 

3 ry-rot {Trameies pini (Brot) Fr, and T. abktis 
Karst.). 

3ea!t-TOt {Polyporus borealis (Wahl.) Fr.). 

Atkinson, Bull. 193 (Com. Univ.) Agr. Exp. Sta. 

(June, 1901). 

louL-rot {Pvlyporus Sckiveinitzii, Fr.) . 

Jiet-rol (P()ly/7om xttbccidw, Pk. ?). 

Squash 

{Cucurbila spp.) 

Inthracnosc {Colhtotrichum lagenarium (Pass.), Ell. & Hals.), 
hicteriosis or Wilt {Bacillus tracheiphilus, E. F. Sm.). 

Downy Mildew {Plasmopara cuhensis (Bri, & Cav.), Humph.), 
iruit'inold {Macrosporium sp.). 

Powdery Mildew {Erysiphe cichoracearum, DC. and E. polygoni, DC.). 

Descr. Thus., See Cucumber (Powdery Mildew). 

Treat, (pos.), N. Y. (Corn. Univ.) Agr, Exp. Sta., Bull. 35, p. (1891). 
..eaf'Spot {Cercospora cucurhilce, Ell. & Ev.). 

Strawberry 
{Fragaria spp.) 

llight {M icrococcus Sp. ?). 

Descr,, Mass. Agr. Exp. Sta., Rep. 9, 1896, pp. 59-61 (iSgy). 

-eaf-blotch {Ascockyta fragaria, Sacc.). 

Descr. Ulus., N. Y, (Corn. Univ.) Agr. Exp. Sta., Bull. 14, PP- 1^2-183 (1889)- 
Treat, (rec.), N. Y. (Corn. Univ.) Agr. Exp. Sta., Bull. 14, p. 183 (1889). 

' Tor specira of Peridermium on spruce consult Arthur & Kem, North American 
iptries of Peridermium, Bull. Torr. Bot Club 33, pp. 403-438, 1906, 


Descr. Illus., U. S. Dep. Agr., 
Div, Veg. Phys. & Path., 
Bull. 25 {1900). 
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Leaf-spot (A pospharia sp.'). 

Descr. Ulus., N. J. Agr. Exp. Sta., Rep. 14, 1893, pp. 329-330 (1894.. 
Treat, (rec.) N. J. Agr. Exp. Sta., Rep. 14. 1893, PP- 33i~332 (1894}. 
Leaf-spot {Mycosphesrella fragarice, (Tul.) Lindau). 

Descr. Illus., U. S. Dep. Agr., Rep, for 1887, pp. 334-339 (1888). 

N, Y. (Corn. Univ.) Agr. Exp, Sta., Bull. 14, pp. 171-181 
Oregon State Biennial Rep, p. 268 (1911-12). 

Leaf-spot [Mycospharella fragariiB (Tul.), Lindau). 

Treat, (pos.), U. S. Dep, Agr., Rep. for 1890, p. 397 (1890), 

• Conn. Agr. Exp. Sta., Bull. 115, p. 14 (1893). 

Powdery Mildew {Sph^aiheca Cusiagnei^ L^v,). 

Descr., N, Y, Agr. Exp. Sta., Rep. 5, 1886, pp. 291-292 (1887). 

Descr. Illus., Mass. Agr. Exp. Sta., Rep. 10, 1892, p. 239 (1893). 
Treat, (rec.), Mass. Agr. Exp. Sta., Rep. lo, 1892, pp. 243-245 (1893). 
Rot [Spharona^mlla Jragaria, Stev. & Pet.). 

Phytopath. VI, pp. 258-266 (1916). 


Sugar-Cane^ 
{Sacckarum ojficinarumt L.) 


Bundle-blight {Fseudontonas vascularmi (Cobb.) E. F, Sm.). 
Cacao Disease {Diplodia cacaokola, Hcnn). 

Cook, Disease of Tropical Plants, p. 85 (1913). 

Tliau {Cmmonia iliau, Lyon). 

Cook, p. 85 (1913). 

Phytopath. 3, pp. 93-98 (1913). 

Leaf-spot {Cercospora longipf,x^ Butler). 

Cook, p. 89 (1913). 


Miscellaneous Diseases. 


j MacrosPoHum gramimm, Cke. 

\ Uromyces Kiihnii (Krlig.), Wakk. & Went. 
Pineapple Disease (Tkklaviopsis ethaceikus, Went). 

Red- rot {Colletotrichum fakatum, Went). 

Rind Disease {Trichosphetria sacckari, Mass.). 

See U, S. Dept. Agr., Exp. Sta. Rec,, X, pp. 56-57, ’9S, and XI, p. 759 (1900). 
Ring-spot {Leptospkeria sacckari, de Ha an) . 

Cook, p. 89 (1913). 

Smut {IJstilago sacckari , Rabenh.). 

Stool Disease (Marasmius sacckari, Wakkei). 

Cook, p. 92 (1913): 


^ C/. Edgerton, C. W.‘. Some Sugar-cane Diseases, Bull. 120, La. Agric. E.^pe 
Sta., July, igio; Cobb, K. A.: Fungous Maladies of the Sugar Cane, Bull. 6, Expf 
Sta., Hawaiian Sugar Planters Assoc., 1906, 
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SlTNFLOWER 
{Htlianihns owttuxs, L.) 

sjioot-Jot [Cofticium vagum, B, & G. var. solani, Burt.)- 
puggar, p. 444 (1909)- 

Schw.). 


Sweet Pea 
{Lathyrus odoratus, L.)^ 

VathtacLOse (Glomerella rufomaculans (Berk.), Spauld. & v. Schr.}. 

UMtyr {Erysiphe- polygani 

Rootrot (Thielavia basicola, Zopf.; Khisoctonia (Corticium vagum, Bri. & Cav. 
var. soiani Burt); Chatomium spirochoete, Pall; Fusariwn lalhyri, Taub. 
& Manns). 

item or CoUar-rot {Sderotinia lihertiam, Feld.), 
itrcak (Bacilitts lafhyrii, Manns &Tanb,). 


Sweet Potato 
(Ipontoid balaias, Lam.) 

Black- rot (Spbeeron^tna (CertUocyslis) jimbriata (Ell. & Hals.), Sacc.). 

Descr. Illus.,i^. Y. Agr. Exp. Sta., Bull. 76, pp. 7-13 (IS9o)^ 

Joum. Mycol, Vol. VII, pp. 1-9 (1891). 

Treat, (pos.), Md. Bull. 60, pp. 147-168, iigs. 17 (Marcb, 1899), 

(tec.), U. S. Dept. Agr., Farm. Bull. 26, p. 2t (1895)- 
illjarcoal-rot {SclerotUtm batatieda^ Taub.). 

Phytopathology 3, p. i6i (1913). 

)iy-rot {Pkoma batata. Ell &"HaIs.J. 

Duggar, p. 344 (1909). 
oot-rot {Plenodomus destruens, Hart.). 

Phytopathology, 3, pp. 242-245 (1913). 

Taubenhaus & Manns, Bull. 109, ^Del. Agr. Exp. Sta., May, 1915. 

Joum. Agr. Research T, p. 251 
iva-rot {Lasiifdipladia tuberieda, EU. & Ev.), 
jfi-fot {AcrocysUs baiaiae, Ell. & Hals.). 

Bescf. Ulus., N. J. Agr. Exp. Sta., Bull. 76, pp. 14-18 (1S90). 

Treat, (pos.), N, J. Agr. Exp. Sta., Rep. 20, 1899, pp. 34S"'3S4- 

N. J. Spec.BuU. 5, February, 1900, pp. 22-3i/pls- 3 (19c®)* 

‘Consult TAUBENHAcrs, J. J.; The Diseases of the Sweet Pea, Bull. 106, Del 
ric. Exper, Sta., November, 1914. 

30 



^ PATHOIOO^ 

Stem-rot (fwanwOT hyp»oxysp^itm WoBeiiw.),^ 

U. S. Farmers’ Bull. 714, March itj igi6. 

Phytopath. 4, pp. 277-'303 (1914). 

Dry-rot (Phoma baiaUe, Ell. & Hals, coaidlal stage of Dkp(tr& 
batcMis (EU. & Hals.), Hart & Fidd). 

Leaf-spot {PkyUosticta hataticoh, EIL & Mart.), 

U. S. Farmers’ Bull. 711. 

Scurf {Uonilock(des injuscans (EU. & Hals.) Hart). 
Miscellaneous N. J. BuU, 76, pp. 25-27 (Nov., 1890). 

Diseases. Soft-rot {Rhizopus nigricans, Ehrb.). 

Phytopath. 4, pp. 305-320. 

Trichoderma Rot {Trichoderma Konin^, Oud.). 

Taubenhaus & Manns, Bull, 109, Del. h%t. Eip. Sla., May 
1915. 

White-rot (PeniciUium sp.). 

White-rust {Cystopus ipomact-pandurance (Schw.), Far!.). 
Descr. lUus., N. T. Agr. Exp. S||,,-BuU, 76 (1890), 

Mo. Agr. Exp. St^, Bull. 60 (1899), , 

Treat, (rec.), U. S. Dept. Agr., Farm. BuU. 26 (1895). 

Vine- wilt {Fusarium hatataiis, WoUenw.). 

Taubenhaus and Manns, Bull. 109, Del. Agr. Exp, Sta., May, 1915. 
WoUenweber, H. W., Joum. Agr. Research 2, pp. 251-283 (1911). 

Sycamore 

{Plaianus occidentalism L.) 

Anthracnose {Glmsporium nervisequum (Fcki.), Sacc., stage of Gnomonia vmk 
CSacc. & Speg.) Kleb.). 

Blight {Gnomonia veneta (Sacc. & Speg.), Kleb.). 

Descr. Ulus., U. S. Dep. Agr., Rep. for 1888, pp. 387-389 (1889). 

Treat, (rec,), U. S. Dep. Agr., Rep. for 1888, p. 389 (1889), 

Cf. Journ. Myco!., Vol. V, pp. 51-52. . 

Gar. and For,, X-488, pp. 257-258. 

^ Tea 

{Thea chinensisy 

Bark Disease {Corticiumjacanicum, Kmm. = C. Zimmermani, Sacc. &, Syd.). 
"^Blister-bligbt {Exobasidium vexan^, Massee.). 

Copper-blight {Loestadia theoe. Show). 

Grey-blight {Pestalozzia gitepini, Desm.). 

Horsehair-blight {Marasmus sarmeniosus. Berk.). 

Internal Stem Disease {Massaria theicola, Fetch.). 

Red-rust {Cephcdeus mycoidea, Karst). 

^ For all consult Cook, Diseases of Troi»cal Plants, pp, 170-180 (1913). 
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Koot Fungus {Rosellinia radkiperda, Massec.). 

{Capmdium Footii Berk, and Desm.). 
Tbread-liligkt {StUbum nanum, Massee.). 


Teosinte 

{Euchloena tnexicana, Schrod.) 
Smut {UstUago se® (Beckm.), Ung.). 


Timber 

{Stereum frustulosum (Pers.), Fr.), 

von Sclirenk, Diseases of Deciduous Forest Trees, U. S. Bureau of Plant Industry, 
Bull. 149 (1909)- 

Sap-rot [Dxdalea quercina (L.), Pers.). 

Mainly on oak timber, von Schrenk (1909), 

'Timothy 

(Phleum pratense, L.) 

Ergot {Clavkeps purpurea (Fr.), Tul.), 

Phytopatli.4, pp. 20-22 (1914). 

Rust [Puccinia pklekpraiensis, Eriks & Henn.) 

Phytopath., 4, pp. 20-22 (1914). 

Smut {UstUago strieeformis (West.), Niessl.). 


Tobacco 

{Nicoliana labacum, L.) 

Black-rot {Sterigmalocystis nigra v. Ticg.) . 

Wise. Res, Bull. 32, pp. 63 83, figs, 7 (June, 1914). 

Blue Mold {Fungus indet.). 

Brown-spot {Maarosporium longipes. Ell. & Ev.) 

Descf., Journ. MycoL, Vol. VII, p, 134 (1892). 

Cf. U. S. Dept. Agr., Exp. Sta, Rec., XII-4, p. 359 (1900). 
“bamping-ofi” (AUernaria tenuis, Nees). 

Downy MQdew I kyoscyami, deBy.). 

\ {Phytopkihora nkotianee, de Haan). 

Uaf-blight {Cercospora nicoliance, Ell. & Ev.). 

Bescr. Ulus., Conn. Agr. Exp, Sta,, Rep. 20, 1896, pp. 273-277, (1897). 
I'reat. (rec.), Conn. Agr. Exp. Sta., Rep. 20, 1896, pp. 277-378 (1S97), 
^losaic, Bull. U. S. Dept. Agr., p. 40 (1914). 
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, Pole-bum {Fungi and Bacteria). 

Descr., Conn. Agf. Exp. Sta., Rep. 15, 1891, pp. 168-173 (1892). 

Descr., Conn. Agr. Exp. Sta., Rep. 17, 1893, pp. 84-85 (1894). 

Treat, (rec.), Conn. Agr. Exp. Sta., Rep. 15, 1891, pp. 180-184 (189.1, 
Powdery Mildew (Erysiphe ckhoracearum, DC., Syn. E. lamprocarpa (Wallr ),Ley^ 
Roo t-rot { r kielavia basicola, Zopf .) . 

Gilbert, W. W., Bull. 158, U. S. Bur, of Plant Industry (igog). 

Conn. Rep., pt. 5, p. 342 (1906.) 

Phytopath. 6, pp. 167-181 (1916). 

Stem-rot {Boiryiis longibrackiata, Oud.). 

Cook, Diseases of Tropical Plants, p. 149 (1913). 

Descr., Conn. Agr, Exp. Sta., Rep. 15, 1891, pp. 184-185 (1892). 

Treat, (rec.), Conn. Agr. Exp. Sta., Rep. 15, 1891, pp. 185-186 (1892). 
White-speck {Macrosporium tabacinum, Ell. & Ev.). 

Descr., Journ. Mycol., Vol. VII, p. 134 (1892). 

Cf. Conn. Agr. Exp. Sta., Rep. 20, 1896, p, 276 (1897). 

XOifATO 

{Lycoptrskum csculentum, Mill.) 

Anthracnose {CoUetotrkhum phomoides (Sacc.), Chester). 

Descr. Ulus., Del. Agr. Exp. Sta., Rep. 4, 1891, pp. 60-62 (1892). 

Cf. Del. Agr. Exp. Sta,, Rep. 6, 1893, pp. 111-115 (1894). 

Nebr. Rep., 1907, pp. 1-33, Hgs. 33. 

Treat, (rec.), Me, Agr. Exp. Sta., Rep. for 1893, p. 155 (1894). 

Blight (Fseudomonas solanacearum, E. F, Sm.). 

Descr. lUus., Sec Egg-plant (Blight). 

La. Bull. 142, pp. 1-23, figs. 3 (October, 1913). 

Treat, (pos.), Md. Agr. Exp. Sta., Cull. 54, pp. 123-125 (1898). 

Fla. Agr. Exp. Sta., Bull. 47, pp. 133-136 (1898). 

Blight {Sclerotium sp.). 

Descr., Fla. Agr. Exp, Sta., Bull, ai, pp. 25-27 (1893). 

Ala. Agr. Exp. Sta., Bull. io8, pp. 28-29 (1900). 

Treat, (pos.), Fla, Agr. Exp, Sta., Bull, 21, pp. 32-36 (1893). 

Downy Mildew {Fkyto^hora infestans (Mont.), deBy.). 

Fruit- rot {Macrosporium solani, £. & M. and Phoma deslructiva, (Plowr.), 
Jamies.) 

Descr., Ala. Agr. Exp. Sta., Bull. 108, pp. 19-25 (1900). 

Cf. N. Y. Agr. Exp. Sta,, Rep. 3, 1884, pp. 379-380! 1885. 

Cf. N. Y. Agr. Exp. Sta., Bull. 125, pp. 305-306. 1897. 

Journ, Agr. Research 4, p. i (April 15, 1915)- 
Leaf-blight {Cylindrosporium sp.). 

Descr,, ,N. Y. Agr. Exp. Sta., Rep, 14, 1895, p, 529 (1896). 

Treat, (rec.), N. Y. Agr. Exp. Sta., Rep. 14, 1895, pp. 530-531 (1896). 
Leaf-mold {Alternaria solani (Ell. & Mart), Jones & Grout). 
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DeMi . Fla. Agr. Exp. Sta,, Bull. 47, pp, 124-125 (1898). 

Treat, (pos.), Fla. Agr. Exp. Sta,, Bull. 47, pp. 125-127 (1898). 

Leaf'Spw^ {Se^oria lycoperski, Speg.). 

Des< r. Ulus., Del. Agr. Exp. Sta., Rep. 7, 1894-95, P- 123 (1895). 

Ohio Agr. Exp. Sta., Bull. 73, p. 241 (1897), 

Treat, (pos.), Va. Bull. 192, pp. 16, figs. 9 (April, 1911). 

Ala. Agr. Exp. Sta., Bull. 108, pp. 32-33 (1900). 

Rust {M(icrosporium solatti, Ell. & Mart.). 

Stevens & Hall, Diseases of Economic Plants, p. 312 (1910). 

Scab {Cladosporium fuhum, Cke,), 

DescT. Ulus., U. S. Dep. Agr., Rep. for 1888, pp. 347-348 (1889). 

Treat, (pos.), U. S. Dep. Agr., Sec. Veg. Path., Bull, n, p, 47 (1890). 

Ala. Agr. Exp, Sta., Bull. 108, p. 33 (igcxj). 

Wilt {Fusuriim lycoperski, Sacc.), 

Trumpet Creeper 

{Tecoma radkans (L.) Jass.) 

Leaf-blight {Cerccspora sordida, Sacc.). 

Duggar, p; 315 (1909), 

Leaf -spot {Scptoria kcomcR, Ell. & Ev.), 

Tunp Tree 

{Liriodendron tulipifcra, L.) 

Leaf-blight (Glxosporinm liriodendri, Ell. & Ev.). 

Sap-rot {Pclystictus verskolor (L.), Fr,). 

von Schrenk, H., Diseases of Deciduous Forest Trees, U. S. Bur. of Plant In- 
dustry, Bull, 149 (1909). 

Turnip 

{Brassica campeslris, L. and B. rapa, Linn.) 

Brown-rot (Psejidamonas campeslris (Pam.), E. F. Sm.), 

Descr. Ulus., Iowa Agr. Exp. Sta,, Bull. 27, pp. 1 30-1 34 (1S95), 

Club-root {Flasmodiophora brasskm, Wor.). 

Descr. Ulus., See Cabbage (Club- root). 

Treat, (pos.), N, J. Agr. Exp, Sta., Rep. 20, '99, pp. 334-367 (1900). 

Downy Mildew [Feronospora parasiika (Pers.) deBy.). 

Dec., Mass. Agr. Exp. Sta., Rep. 8, 1890, p. 222 (1891). 

Treat, (rec.), Mass, Agr. Exp. Sta., Rep. 8, 1890, p. 223 (1891). 

Dry-rot {Pkoma brassica, Thiim ?) . 

See U, S. Dept. Agr., Exp. Sta. Rec., XII-3, p. 256 (igoo). 

Conn. Exp. Sta., Rep., p. 355 (1912). 
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WmAT 

( T rUicum vulgare, L.) 

Blight {Mystrosporium ahrodensj Neum.). 

Chytridiose {Pyroctonum spharicum, Prunet). 

See U. S. Dept. Agr., Exp. Sta. Rec.,, VI-3, pp. 236-227 (1894). 

Ergot {Clarice ps purpurea, (Fr.) Tul.). 

See Rye (Ergot). 

Foot-rot {Opkiobolus & Leptosphceria). 

See U. S. Dept Agr., Exp. Sta. Rec., IX-ii, p. 1057 (1898). 

U. S, Dept, Agr,, Exp. Sta. Rec., X-7, p. 650 (1899). 

Leaf-spot {Leptosph^ia eusioma (Fr.), Sacc., var. iritici, Garov.), 

Leaf-spot {Septoria graminum, Desm.). 

See U. S. Dept. Agr., Exp. Sta. Rec,, X-5, p. 452 (1899). 

Mildew {Erysiphe graminis, DC.). 

Iowa Bull. 104, pp. 245-248 (July, 1909). 

Mold {Cladosporium herbarum (Pers.), Lk.), 

Rust (Black-stem, Puccinia graminis, Pers. and Orange-Leaf, P. rubigo-vera (D 
Wint., also P. glumarum (Schum.), Eriks. & Henn.). 

Descr. lllus.,.Ind. Agr. Exp. Sta., Bull. 26 (1889). 

Kan. Agr. Exp. Sta., Bull. 38, pp. 1-3 (1893). 

Treat, (rec.), Idaho Agr. Exp. Sta., Bull. 11, pp. 33-34 (1898). 

C/, U. S. Dept. Agr., Div. Veg. Phys. & Path., Bull. 16 (1899). 

Scab [Cladosporium herbarum (Pers.), Lk.). 

Scab {Fusarium culmorum (E. F. Sm.), Sacc. =F. rubiginosum, Appel & Woller 
Descr. Ulus., Del. Agr. Exp. Sta., Rep. 3, 1890, pp. 89-90 (1891). 

Ohio Agr. Exp. Sta., Bull. 44, pp. 147-148 (1892). 

Scab {Gihherella Sauheneiii (Mont.), Sacc., Stage of Fusarium roseum, Lk.). 

Descr. Ulus., Ohio Agr. Exp. Sta., Bull. 97, pp. 40-42 (i8g8). 
Stinking-smut {Tilletia fcetens (Bri. & Cav.), Schrt., T. tritici (Bjerk.), Wint). 

Phytopath. 6, pp. 21-28 (1916). 

Loose-smut {Ustilago tritici (Pers.), Jens.). 

Descr. Ulus., Kan. Agr. Exp. Sta., Rep. 2, 1889, pp. 261-267 (1890), 

N. Dak. Agr. Exp. Sta., Bull, i, pp, 9-26 (1891). 

U. S. Dept. Agr., Farm. Bull. 75, pp. 6-8 (1898). 

Treat., (pos.), Ohio Agr. Exp. Sta., Bull. 97, pp. 60-61 (1898). 

U- S. Dept. Agr., Farm. Bull. 75, pp, 11-14 (1898). 

Willow 
(.SflJfx spp.) 

Black-spot (Rhytisma salicinum (Pers.), Fr.). 

Duggar, p. 209 {1909}. 

Crown-gall {Pseudomonas tumejaciens, E. F. Sm. & Towns,). 

Duggar, p. 114 (1909), 
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or Hrown-rot (Pdyporus sulpkureus (Bull.), Fr.). 

Dugg ir, p. 457 (iQop)- ^ 

poffdery Mildew {UncMa solids (DC.), Wint.). 

Dugsar, p. 230 (igP9). 

flliite-TOi {Polyporus sqmmosus (Huds.), Fr.). 

‘ Dugger, p. 453 (1909)- 

^(Mclampsora salidcapra (Pers.), Wint.) =M.farinosa (Pcrs.), Schrot. 

Zinnia 

{Crassina elegans (Jacq.) Kze.) 

£af-s[)ot [Cffcospora atricincla, Ileald & Wolf). 

Heald & Wolf, Plant Disease Survey in Texas (1912). 
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CHAPTER XXXIV 


etailkd account of specific diseases of plants 

This section of the book will be devoted to a consideration of the 
lecihc diseases of plants, and the treatment of the subject has been 
ade possible by a selection of nearly loo parasitic and non-parasitic 
seases. In this selection, several things have been kept in view, viz., 
le importance of the disease over wide geographic areas, the system- 
ic relationship of the fungus in order to connect up the practical and 
e systematic parts of the book, because our knowledge of the disease 
irrants its inclusion in the descriptive part which follows. As a con- 
leration of the remedial measures used to combat the disease was 
nitted largely in the description of plant diseases in general, it is intro- 
iced incidentally with the study of specific plant diseases. The chief 
ference to such remedial substances and their use will be found in one 
ihe appendices in the back of the book, where the manufacture of 
■rays and washes and their recommended use may best be made with 
e consideration of a spray calendar. A regular spraying program 
now considered a necessity by every successful plant-grower, the 
pense of which, treated as insurance, can no more be escaped than the 
itlay for cultivation, manures, or pruning. In the control of plant 
lemies, including both insect pests and fungous parasites, there are 
sential points in practice which may not be evaded or neglected, 
imely; To spray at the correct time (hence the need of a calendar) to 
■e the proper form and strength of spray (hence the need of formulas) 
id to make a thorough covering of the parts sprayed. Hence that 
iportant branch of phytopathology known as therapeutics will he 
entioned incidentally in part III and treated in detail in the latter part 
part IV. 

The description of each disease will be given in condensed form pur- 
‘sely, so that the student of plant pathology who wants to know more 
>out the specific diseases of some particular crop in which his interest 
IS been aroused will be compelled to study the literature and thus gain 
475 
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access to the most important work which has been done. In this inve^ 
tigation, the student should write descriptions of the diseased best 
plants and parasitic organisms concerned, according to the method out. 
lined in part IV, pages 639^0 642, and together with this detailed de- 
scription he should compile a bibliography. 

Pedagogically it is a mistake to give too full details in a text-book 
because the studeat learns to depend on the statements in the booii 
rather than on original observations of his own. The compilation of a 
bibliography becomes an important adjunct to all successful phyto- 
pathologic work. ^ ‘Study things, not books” is a truism in this depart- 
ment of scientific knowledge, as in other departments of natural science. 
The teacher should so guide and stimulate the class of students that each 
member of the class will be led to independent study and investigation, 
so that they may be able to apply individually the modicum of knowledge 
which the strictures of the time allotted to the subject in the college has 
permitted them to obtain. Unless this independence of thought and 
action is secured, the results of the teaching have not been satisfactory.! 
It is, therefore, hoped by the writer of this text-book that what has been! 
included in its pages will be directive and helpful to teacher and student 
rather than a work of encyclopedic value. The subject of phytopa- 
thology is such a vast one, that it would be impossible without the coop- 
eration of a large number of specialists to make a work which would be 
of encyclopedic value. The design of this text- book has been to givun 
outline of the subject, so that the attention of the student may be direc- 
ted to the important phases of the subject of phytopathology. 


Alfalfa {Medicago saliva L.) 

Leaf-spot {Pseudopeziza medicaginis (Lib.), Sacc.). — The fungus 
which causes this widely prevalent disease, where alfalfa is grown, 
belongs to a genus in which the apothecium is formed beneath the epi- 
dermis and as it grows it breaks through the epidermal covering and 
emerges as a shallow, relatively simple structure with asci that contain 
eight one-celled spores. It is related to a similar fungus Ps. trifoUh 
which attacks the leaves of clovers. It forms small brown, or black, 
spots on the upi>er leaf surface usually. These spots, which are about 
2 mm. in diameter, represent the sessile apothecia, which are sprinkled 
pretty copiously over the leaf surface in the latter part of summer. 
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rbe unit spores measure 10 to 14/i in length. No practical 
jieihod fias been devised for controlling the alfalfa leaf-spot disease. 

^ust, {Uromyces striatus Schr 5 t).— The aecidiaof this rust are found 
jn Euphorbia cyparissias in Europe and in Great Britain the uredinea 
lud telia occur on a clover Trifolium minus. In California, it forms 
reddish-brown, dusty pustules on the surfaces of alfalfa leaves and 
in wet weather it may be destructive to the crop, but in dry weather 
it usually disappears. The spots are on close examination seen to be 
cinnamon-colored, due to the presence of globose to ellipsoid, faintly 
echinulate, yellowish-brown uredospores, which measure 1$ to 22U 
with a spore wall i to 2^1 thick, and with four to six germ pores each 
with a small cap. The telia are darker in color, and the teliospores are 
globose to ovate with a minute papilla striated from apex to base with 
lines of brown warts and measure 18 to 24 by 15 to 20jli with an epi- 
spore il'i to 2/z thick. The best way of combating this disease is to 
cut and burn badly affected crops. Frequent close mowing is useful 
in checking leaf-spot, 

Apple (Pyrus malus L.) 

Bilter-rot {Glomerella cingulata (Stonem.) S. & V. S.). — This 
fungus, which in some text-books is known as G. rufomaculans (Berk.) 
Spauld. & von Sch., causes one of the most serious losses in the apple- 
growing districts of the United States (Fig. 190). It is distributed 
widely, particularly eastward of the arid portions of the country and 
its effects are seen during July and August and later, especially during 
warm rainy weather, ’which produce sultry conditions of the atmos- 
phere, when the age of the fruits is such as to render them especially 
susceptible. Cold weather acts as a check to the spread of the dis- 
ease. The fruit is attacked chiefly, but the branches may also become 
diseased. 

The disease first appears as a small brown spot beneath the skin of 
the apple, which increases gradually in size, keeping nearly a circular 
outline with a well-defined margin. The central part of the spot soon 
becomes sunken and this is accompanied by the spread of the fungus 
throughout the fruit and the formation of pustules. Decay soon sets 
in and the products of the decay are invariably bitter. The fruits, if 
attacked on the tree, later fall off, but sometimes, they hang on and 
become mummified. Two stages in the life history of the fungus have 
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been discovered. The gieosporial, or imperfect stage, usually develop^ 
on the fruit, while the ascigeral stage is occasionally produced onj 
fruit or twig, and in artificial cultures is readily obtained. Early ij. 
fection of the fruit is probably due to the spores produced in pustd^ 
on the areas of stem, which have become cankered through the attack 
of the bitter-rot mycelium. Such cankers are sunken areas upon twigs 
or limbs, accompanied by a cracking and breaking of the bark over sud 
regions. The pustules, which accompany the rot of the fruit, are formec 
beneath the apple skin as condensed masses of the mycelium knovu 
as stroma and these emerge as a cone-shaped mass of erect hypkj; 
which are the conidiophores, which cut off conidiospores that emerge 
as a pink waxy strand, later becoming of a gray color. The ovate to 
oblong conidiospores, which measure in extreme cases 6 to 40 by 3,5 
to 7/1, more usually 12 to 16 by 4 to 6/1, are imbedded in a gelatinous 
matrix which dissolves in water setting the spores free. These spores 
germinate freely and become septate in doing so. Infection oi apple 
fruits may be through the uninjured skin, but a slight abrasion facilitates 
the entrance of the germ tube of the spore. Berkeley, who first 
described this stage, named it Gleosporium fructigenum and under this 
scientific name the disease is frequently quoted. 

Clinton discovered the perithecial stage in 1902, and as it is readily 
obtained in cultures on any of the ordinary nutrient media its character- 
istics are well-known. The perithecia which are developed contain 
oblong-clavate asci, 55 to jo by 9/1, which develop eight curved asco- 
spores, usually uniform in size, 12 to 22 by 3.5 to 5/*. The pomologist, 
who wishes to control the disease, should prune away all cankered limbs 
and keep the orchard free of diseased fruits. The spraying of the tre« 
with Bordeaux or lime-sulphur (3-3-50) has been found efficacious, 
and the crop returns from sprayed trees, as contrasted with unsprayed 
trees, have abundantly repaid the trouble which the orchardist has 
taken in the application of Bordeaux mixture. The first application 
of the spray should be in the form of a mist about a month after the 
petals have fallen and subsequent applications should be made about 
two weeks apart until at least five sprayings have been made. 

Black-rot (SphtEropsis malorum Berk.). — Although the apple i: 
one of its host plants, the black rot fungus attacks other pomaceoie 
trees, producing cankers so that the description of the disease and 
fungus, as applied to the apple, will serve with certain modifications k 
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other pomaceous trees as well, and this may be said of several of 
jjg other disease treated of h^e that the description of a disease as 
pacifically affectihg a cettain^ost, might equally apply to several 
)ther host plants. Hie black-rot. fungus not only causes a fruit 
leay apples, quinces -and pears, but it causes the formation of 
^er on the limbs of these trees. The fruit rot is the generally 
■ecognized form of the disease. The disease begins as a small spot 
wmetimes near the bud end of the fruit and it spreads until the whole 
roit is involved. The apples do not shrink, as in the former disease. 
The canker form of tbe disease on the bark of the trees is accompanied 
)y either a roughening of the bark in mild forms of the disease, or in 
nore virulent forms by a destruction of the bark with the formation 
)f depressed areas about which local swellings of the limbs occur. 

The sooty brown, or olivaceoiK, mycelium penetrates the bark 
)f the tree, hardly extending into the wood. It soon forms pycnidia 
yhich are eirumpent and surrounded by the remnants of the epidermis. 
The pycnospores are oblong-elliptic, 22 to 32 by 10 to brown in 
:olor, and their size varies with the host plant on which the fungus lives. 
Artificial cultures of the fungus have successfully produced spores. 
!.ime-sulphur solution has been found useful in combating the disease, 
}Ut pruning and scraping the trees should not be neglected. . 

Scab {Ventufia inequalis (Cke.) Wint.).— -The scab also appears on 
the pear, but mycologists now consider that the scab fungus of the 
ippleis specifically distjnctj^om that of the pear. Earlier mycologists 
ifere familiar with the ^onidial forms of the two fungi, and they 
ivere placed under the genus Fttsicladium,' as F. dendriticum and 
P. pyrinurk, but since the perfect stages have been discovered the 
ipecies have been put in genus Venturia. The perithecial stage 
is saprophytic. Scab is found wherever the apple is grown from 
^faine to California. 

The fungus mainly attacks the fruit and leaves of the apple, but 
!t has been found on the flowers, ^flower stalks and twigs. The leaf 
‘Pots are more abundant on.: the lower surface, but sometimes also on 
the upper surface, as a velvety, olivaceous, superficial growth, occasion- 
fily accompanied by a cmling of the leaf. The fruit spots are at first 
and olivaceous, and as the mycelium spreads the epidermis is 
and the scabby areas arise (Figs. 164 and 165). Nearly all varie- 
hes of apple and pear are susc^tible, but there is a varietal difference 
in this susceptibility. 
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The hyphffi grow beneath the epiderinis and between the epidejjjjj 
and cuticle ^reading slowly. The erect conidiophores, which 
produced, rupture the epidermis, gi;^ng the characteristic velvety 



PiG. 164. — Two apples affected with scab {Venturia ineqmlis)^ showings spois, 
deformation and reduction in size of the fruit, (,4/fer Heald, F. D., Bull. 35 (Sa] 
Ser. 14), Univ. of Tex., Nov. 15, 1909.) 



Fig. 165.— Two apples affected with scab {Venluria inequalis), showing spoi 
deformation and reduction in size of the fruit. {After Heald, F. D., Bull 13S 
Ser. 14), Univ. of Tex., Nov. 15, 1909.) 


olivaceous character to the spotted surface, and as the scabby are 
are formed, the epidermis disappears. Conidiospores arise at the ti| 
of the conidiophores and in concatenation. These spores are ovat 



detailed account of specific diseases op plants 481 


•uacate at the base and measure 28 to 30^ by 7 to 9/i. According to 
linton, they do not retain their vitality long, An investigation of 
erithccial formation indicates that perithecia begin to form in 
ttober, or even later, and reach maturity in the following April, 
lien mat ureascospores have been __ 


)md especially on the under sur- 
jj;e5 of the leaves. They are im- 
edded in the leaf tissues and are 
ightly pyriform in shape, includ- 
ig davate slightly curved asci 
leasuring 55 to 75^ by 6 to 12/x. 
ach ascus contains eight two- 
;llc(i asco spores, which are olive- 
:offn in color with the following 
imensions: ii to iSjLt by 5 to 7ju. 
hey germinate readily in water. 

Spraying with lime-sulphur 
hture 32® Beaume, 1-40, before 
le time of flowering has been rec- 
nmended for Scab, followed by 
second, or even a third spraying 
ter the petals fall, and at least 
ro or three weeks after the 
cond. 

^sh {Fraxinus americanus, L.) 




{Fames fraxinophilus 
Sacc.).~'ln the Mississippi 

illey , white ash trees of all ages 166.— An old sporophore of Fumes 


t attacked by this bracket (Folyporus) fraxinophilus on white ash. 
nmic I.* 1- • . 1 {After Hermann von Schrenk, Hull. 32, 

ngtis, which is a tree wound U. S. Bureau of Plant industry, im.) 

‘msite, entering usually the stub 


a branch, which has been broken off by the wind, or by snow. From the 
'intof entrance, the mycelium grows into the heartwood of the trunk. 


le wood at first turns darker in color, later the (fisease is marked 


'a bleaching of the color in the spring wood of the annual rings, which 
I'll to a straw color and then become blanched. The whole woody 
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Fig. 167, — Disease of asfi caused by Fowiis {Pdypoifus) fraxinophilus. i. 
section of ash wood; 2, of mediillary ray; 3, medull^ ray, showing later stage 
attack; 4, s. of wood cells; 6, starch grains from medullary ray cell; 7 
wood; 8; transection from entirely rotted wood. (Afler von Schrenk, 

BuU. 32, U, S. Bureau 0/ Piont industry, 1903) 
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5sue l)ccomes straw-colored and finally transformed into a loose 
3ongy of fibers, which readily absorbs water (Fig. 167). 

Xbe fruiting brackets, or sporophores, make their appearance from 
be mycelium at the base of the stubs, or from wounded surfaces, 
ither alone, or a number together (Fig. 166). The mature sporophore, 
ccording to von Schrenk,^ is nearly triangular in cross-section with a 
road rounded edge, which at first is white, turning gradually darker 
Dtil it becomes straw-colored (Fig. 167). The older portions of the 
pper surface are dark brown, or black, and are very hard and woody, 
s upper surfaces obscurely zoned, pale brown and rust colored. Wound 
rotection, as outlined in the section on prophylaxis, is an important 
lethod of preventing the white heart-rot from killing white ash trees. 

Asparagus (Asparagus officinalis, L.) 

Rust {Puccinia asparagi DC.)— The asparagus rust is well-known, 
aving been investigated by a number of mycologists in this country, 
otably Halsted, Sirrine, Smith and Stone.^ In Europe the disease is 
f little consequence, but in America it threatens the asparagus growing 
f our country, spreading rapidly, especially during times when dew is 
bundant, for Smith says: “The amount of rust varies directly and 
xactly with the amount of dew, and so long as there is little or no dew, 
lere can be no rust.” During dry summers rust is largely absent. 

All of the spore forms are found on the stems and twigs of the culti- 
ated asparagus and on several wild species of the genus. The uredi- 
ia and telia appear also on the leafdike branches of the plant. The 
icidia appear as long light-green cushion-like patches. They have a 
bite peridium and are short cylindric, inclosing the orange-colored 
iciospores, which are 15 to i8ju in diameter, and retain their power of 
ermination for several weeks. Stomata! infection probably is the rule. 
‘Ssociated with these aecia are spermagonia in small, yellow clusters, 
-arly summer ushers in the red rust (uredo) stage of the disease with 
k deep brown sori more or less scattered at first, later becoming con- 
sent The urediniospores are yellowish-brown, thick-walled with 
germ pores and measure 21 to 24/x, The clothing of a person 

’von Scheenk, Hermann and Spaulding, Perley: Diseases of Deciduous 
Orest Trees. Bull. 149, U. S. Bureau of Plant Industry. 

* Smith:, Ralph E.: Asparagus and Asparagus Rust in California. Calif. Agric. 

Sta., Bull. 165: 1-95, 1905. 
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rubbing against the plant may be colored owing to the abunrhi/icep^^ 
duced. Later in the season the black rust stage appears with the forma 
tion of elliptic two-celled teliospores, 30 to 6oju by 21 to 28^, and viiti 
a thickened apex and long pedicels. Infection of asparagus plants in 
cultivated fields is, according to Duggar,^ through the aeciospores pro- 
duced on wild or escaped plants and not directly from the germinatioi 
of the teliospores, which remain in or about the soil. Bordeaux mix 
ture, used as a spray alonCj has not been very successful. A mon 
successful treatment has been obtained by adding a resin mixture t( 
the Bordeaux solution. Sirrine recommends the following: fiordeau; 
mixture, 5-5-40 formula, 40 gallons; resin mixture, 2 gallons, dilulei 
10 gallons. The resin mixture consists of resin 5 pounds; potash Ive 
pound; fish oil i pint; and water 5 gallons. Under certain climatic con- 
ditions in California it has been found efficient to dust the young topg 
with dry powdered sulphur on a dewy morning at the rate of m 
and a half sacks of sulphur per acre, followed in a month by 5 
second application, using two sacks of sulphur per acre. 

Banana [Musa sp.) 

Bud-rot [Bacillus musa, Rorer).— Bud rots of the banana have 
been reported from the greater Antilles (Cuba, Jamaica) from Central 
America and Trinidad. The disease in Trinidad has been investigated 
by a mycologist from the United States, J. B. Rorer, the mycologist 
of the island government, and he has proved that an organism whick 
he has isolated and named Bacillus muses is the responsible parasite.' 
However, the bud-rots of the banana are probably due to the same 
cause, but the matter has not been investigated satisfactorily outsiile 
of Trinidad. The disease usually appears on the young plants, attach 
ing the young leaves and the core, which become brown. The tissue 
disorganize and a putrid rot sets in with the death of the parts 
attacked, 

March is the month in which the disease usually begins andiJ 
three or four months its destructive effects are seen. 

Beet [Beta vulgaris, L.) 

Leaf -spot [Cercospora belicola, Sacc.).— This disease is distribute 
widely in America and Europe and the red garden beet is seldom he 

1 Duggar, B. M.: Fungous Diseases of Plants, 406. 
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'om it' leaf-spots are very small brown with reddish-purple 
.orders, when they first appear, and later, when about 4 mm. in 
iameter, they become ashen gray at the center with the usual margin, 
'hey are scattered over the blade and eventually the leaves blacken 
nd dry lower leaves die, new ones are formed above 

ntil a characteristic elongated crown may be produced. The gray 
olor of the spots is usually associated with the formation of conidio- 
phores and conidiospores. The conidiophores are clustered, arise 
roin a few-celled stroma, and push through the leaf stomata. The 
onidiospores are elongated and needle-shaped, multicellular, 75 to 
00 /iby 3.5 to 4.5m> and under moist conditions, the average length may 
,e exceeded. They germinate readily in ordinary nutrient media 
nd the submerged mycelium in agar grows as a dense colony oliva- 
eou3 in color, while the aerial portion is grayish-green. The disease 
ortunately can be controlled by the use of Bordeaux mixture (4-4-50), 
nd as the spores retain their vitality for some time, early spraying 
> important and frequent after sprayings. 

Rust {Uromyces hetes (Pers.), TuL). — The beet rust is known only 
rum California. It is common in Australia and not unusual in 
Europe. Kiihn thinks that the mycelium may be biennial in the. host, 
orming sccia throughout the year. The spermogonia are found in 
mall yellow groups associated with the aecia, which are white and 
aucer-shaped with aecidiospores 17 to 36/1 in diameter, filled with 
range- colored contents. The uredinia and telia are irregularly scat- 
ered over the leaf surfaces. The urediniospores are obovate, 21 to 
4 /^ 35 /^ with echinulate walls, and two opposite germ pores. The 

hort pedicellate obovate teliospores are 18 to 24]u by 25 to 32^^^ 
vith an apical germ pore piercing a wall scarcely thicker at the apex. 

Cabbage {Brassica oleracea, L.) 

Black-rot (~ Pseudomonas brassier (Pam.), Sm., Bacterium cam- 
'>(stris (Pam.), Sm.) — The cause of the black-rot 01 cabbage and other 
cruciferous plants is a yellow, uni-flagellate microorganism, which causes 
I yellowing of the cabbage leaves accompanied by a black stain in the 
rascular system, forming a conspicuous black network on a yellowish, 

fight-brown, background. The badly diseased leaves are shed, so 
•fiat the stem may have a terminal tuft of badly distorted leaves. 
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A stem section shows a browning of the vascular ring and tlio vessels 
are found occupied by bacteria (Fig. i68). When the cabbage plan^ 
is attacked early in the reason, it ia killed outright, or ehe it tails 
to form the characteristic head. Infections may take place through 
injury of the surface, but the greater part of them are through the 
water pores, which exude drops of water, which collect during cool 



Pig. i6a. — Brown-rot oi turnip {Pseuiomonas hrassica). Cross'section iiwti 
middle oi turnip root showing small bundle fully occupied by the bacterial organism. 
(Afkr Smitht K. F., Bull. 29, U. S. Bureau of Plant Industry, Jan. 17, 1903.) 


nights, and in natural infection slugs are responsible carriers of the 
organism. 

Russell has found that the cauliflower is the most susceptible plant, 
while turnips and rutabagas are not very susceptible. Edwards reports 
that the Houser cabbage is practically immune to black-rot under field 
conditions. The period of incubation is variable. In some o-ses with 
needle punctures, the first signs of the disease appear in seven to 
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tffenty-f'ight days on leaves and in from nine to thirty^one days on 
5teins. Smith obtained with needle punctures first signs of 

^ease in fourteen to twenty-one days. In a study of the morbid 
anatomy of the cabbage^ it has been found that the parasite is 
confined for some time to the vascular system and even to particular 
leaf traces or bundles, especially to the spiral and reticulated vessels, 
ivhichare very often filled with incalculable numbers of this organism. 
Later, as the walls of the vessels are destroyed, the organism finds its 
pay into the surrounding parenchyma. PseudomoMs brassicoe is 
sometimes motile, especially when taken from the plant, and is 
examined in a hanging drop of water. Its measurements are 0,7 to, 
5,o^i by 0.4 to o.SjLt. It is often somewhat irregular in shape. The 
lamella is several times the length of the cell and arises at or near the 
jnd. The organism is wax-yellow, changing to a dirty yellow-brown 
B old cultures. 

The treatment of this disease falls principally under the head of 
■estriction and prevention. Seasonal variations are found and the 
organism thrives weU in cool, moist lands. Underdrainage of soils 
might prove advantageous in wet seasons. The diseased plants should 
not find their way into the manure heap, but all refuse should be de- 
stroyed. As E. F. Smith puts it, “Avoid infected seed, soil and manure; 
destroy insect carriers of infection, if the plants are attacked.” Crop 
rotation is advants^eous. Soaking the seed for fifteen minutes in a 
solution of mercuric chloride (one tablet to a pint of water) should be 
practiced. 

Club-root {Plasmodiophora hrassiem, Wor.) This disease, which 
has been known for a hundred years, has received a number of 
names, such as fingers and toes, Anbury, Hanbury (England), Kohl- 
hernie (Germany), maladie digitoire (France) Kapoustnaja Kila 
Russia). (The organism causes unsightly and destructive root dis- 
ease of cruciferous plants, such as cabbage, Brussels sprouts, turnips, 
rutabagas, radishes and certain mustards (Fig. 169). The parasite is 
a slime mould (Myxomycetes) named by Woronin {Plasmodiopfwra 
hrassim). It fives in the parenchymatous cells, often in the vicinity 

the cambium, and an abnormal development of phloem is notice- 
able. The infested cells are grouped together hito packets and their 
contents are at first fluid, then turbid and granular, assuming the 
amoeboid form with distinct nuclei. The amoeba are increased by 
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division, and by a sort of gemmation. The myxamoeba are 
with several nuclei. The formation of spores soon begins by the sue 
cessive simultaneous divisions of the myxamoebse, so that each nucleus 
and surrounding mass of cytoplasm is differentiated, as a spore hytly 
formation of a spore wall about them. The diseased cells arc craft)it5e(_ 


Carnation (Dianthus 
caryophyllus, L.) 

Fig. i6o. — C abbage roots showing club- . /■ij. 

root caused by a parasitic sHme mould, ^ AltemiOSe [AU^fHGrtS 
Plasmodiophora hrassicce. (From Marshall, dianthi, Stev. & Hall).— Througll 

wiltinT' Connecticut, Pennsylvania, Dis- 

trict of Columbia and Nortt 
Carolina this disease of the cultivated carnation has been recently quite 
troublesome. The leaves and stems, especially at the nodes, are dis- 


colored with spots of ashen whiteness with a central black fungous 
growth. The spot is dry, shrunken and thinner than the surroundiil 
healthy parts of the leaf, and is either circular, or somewhat elongated 
in line with the long axis of the leaf. The nodal spots involve the leaf 
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^es a? well, and the mycelium finally grows into the stem killing its 
issue which becomes soft and broken down (Fig. 170). The variety 
iiiown as Mrs. Thomas W. Lawson is especially susceptible. 

Rust (Uromyces caryophyllinus (Schrank). Wint.— This disease 
ivas practically unknown in the United Stales prior to 1890, but now it 



Fig. 170, — Carnation alternariose {Allernaria dianlhi). 1, Branched, septile my 
:eliuin; 2, hyphce below surface of stroma; 3. spore formation; 4. eompound spores. 
J, younf? clustered hyph®; 6, older cluster. {After Stevens, F. L., and Iia , . 

Bol. Gaz., 47; 409-413, May, 1909-) 

is prevalent wherever the carji^tion is grown commercially. The dif- 
ierent varieties of cultivated carnations differ to a marked degree in 
susceptibility. Enchantress and Lawson have a high degree of resist- 
ance to rust, while Scott and Jubilee are very susceptible. 
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The fungus is largely propagated by its urediniospores, \\hichare< 
ellipsoid to spheric in form and measure 24-35 jii 2 i- 26 ju. 

spore wall is thick and spinulose. The teliospores resemble in 
the urediniospores and measure 20-35/11 by 18-25/1. Their walls are 
chestnut-brown and uniformly thickened with terminal germ pores 
and are papillate. As the adult plants may be infected, the disease 
may spread rapidly during the growing season. 

The disease can be controlled undoubtedly by growing rust-resistaDt 
varieties of carnations. The leaves should be kept away from the 
moist soil by simple V-shaped wire mesh supports and lastly fungi, 
cides, such as a solution of copper sulphate (i pound copper sulphate 
to -20 gallons of water), might be used with success. Duggar also rec 
ommends the use of potassium sulphide i ounce to a gallon of water. 
Sub-irrigation has been practised. 

Cacao (Theobroma cacao, L.) 

Brown-rot {Thyridaria tarda, Bancroft). — number of different 
organisms have been thought at different times to cause the brown rot 
of the chocolate pods, but Bancroft in 1911, an authority on the sub- 
ject, ascribed the disease to the above-named fungus. Circular 
patches appear on the chocolate fruits along the grooves that seam 
the surface. The disease spreads rapidly and the fruit falls in from sii 
to ten days from the time that it is first infected. When the spots art 
2 cm. in diameter, their center becomes marked by wounds in which 
a brownish-gray mycelium appear. Wounded fruits are especially 
open to infection through the abraded surface and the seeds, or beans, 
are sometimes involved and are destroyed completely. The disease is 
widely spread in the eastern and western tropics (in Jamaica, Santo 
Domingo and the Philippines). It may be controlled to some extent 
by burning all diseased fruits, busks and prunings. 

Pink Disease [Corticium lUaco-fuscum, Berk & Curt.). — ^The genus 
Corticium belongs to the family of Thelephorace.®, which includes 
the smothering fungi of the genus Theleph^ra. The leathery hymeno- 
phore of Corticium is membranous, fleshy, waxy with clavate basidia 
with four sterigmata. The basidiospores of our cacao fungus are 
sessile on the basidia. It attacks the younger branches of the chocolate 
tree covering them with a pinkish incrustation, which spreads over 
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itie bark and into the bark crevices, causing the bark to crack and 
Later a new bark forms under the old. The new bark is not 
i^ciently resistant to the attacks of species of Diplodia and iVcdrta, 

that these fungi may enter and complete the work of destruction. 
Coriicm^ lUaco-fmcum grows more rapidly in damp, shady places, 
and it usually refuses to grow in sunny places, hence opening up the 
growth is beneficiai. 

Cherry (Prwtwis spp.) 

Leaf-curl {Exoascus cerasi (Fckl.), Sadeb.). — This fungus produces 
witches’ brooms out of the twigs of the cherry, and when the leaves on 
affected twigs are parasitized, they become somewhat reddish and 
curled. The asci develop on the leaves and measure according to 
Sadebeck, 35 to 50/iby 7 to lOft, or in specimens studied by Atkinson, 
25 to 33pt by 6 to gpi. The asci are naked and arranged in rows over the 
leaf surface. Spraying, if done at all should be done when the buds 
begin to develop in the Spring, and again when the asci are mature 
and ready to discharge their spores. 

Powdery Mildew (JPodosphctra oxyacantfuB (DC.), deBy).“-This 
disease, although found on a number of other rosaceous plants, 
iuch as plums and hawthorns and the like, is especially destructive to 
ipples and cherries. The leaves become mildewed with large spots 
i white mycelium from which arise the perithecia, which are 6$ to 90^ 
in diameter surrounded by the dichotomously branched hyphal append- 
iges four to thirty in number, which are usually five times as long as 
the diameter of the perithecium. A single ascus usually contains 8 
iscospores. It is recommended to spray with lime sulphur (1-40) 
)T dust with powdered sulphur in combating this disease. 

Chestnut (Cosfanea dmlata (Marsh.) Borkh.) 

Blight (Endothia parasitica (Murrill), Anderson) .—When the chest- 
lut blight fungus was first described by Murrill he called it Diaporlke 
')OJasitica, but by the studies of Anderson and others it has been trans- 
erred to the genus Endotkia^ where it seems rightly to belong.^ On 
account of its virulency and its rapid spread through the chestnut 

‘SfitAR, C. L., Stevens, Neil E., and Tiller, R. J,: Endothia parasitica 
Rebted Species. Bull. 380, U. S. Dept. Agric. 
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Fig. 17 1 . — Canker lesion that nearly surrounds the chestnut branch, sunken oa 
one side and enlarged on the other. (jPholQ by Wm. Currie, Bull s, Penna, Chesift^ 
Tree Blight Com., 1913.) 
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ca,stftTn Uivitcd St3,tfcSj it has been the subject of much 
i(^islati(»n and also a copious bibliography has been formed by the 
appearance of papers on its parasitism, life history and the remedial 
measures to be taken to combat it. The chestnut blight fungus was 



Fic;. 172. — Perithecial pustules of chestnut blight fungus (Endolhia parasilua) 
in the crevices of bark of a fallen chestnut tree. (Pftoto by Wm, Currie, Bull 5, 
Penna. Chestnut Tree Blight Cow., 1913.) 

discovered by Merkel in 1904 on American Chestnut trees {Castanea 
ientaia] in the New York Zoological Park. It was studied by MurriU 
during 1906 by pure culture and by inoculation on healthy chestnut 
trees, and an account was published of the fungus as a new species in 
Torreya (6 ; 186-189) 
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The rapidity of spread has been phenomenal, and the conipleteg^, 
of destruction is without parallel in the annals of plant pathology. ^ 
is now found from New Hampshire to Albemarle Coimty, VirgiQh in 
the South. Summer is the best time to study the symptoms of ti« 
disease, which are manifested in the brown shriveled leaves, whid 
may be seen at a distance. The dead leaves hang on the tree ovet 
winter, and if on the blighted branches, the girdUfig is completed wliSi 
the burs are maturing. Burs smaller than usual, and unopened re 



Fig. 173. — Chestnut blight pustules producing gelatinous threads with suniinex 
spores. (Afler pictorial card issued by Penna. Chestnut Tree Blight Com.t ipi2-) 


main attached to the tree through the winter months and well into tkj 
next spring. If, however, the girdling takes place after the leaves and 
burs are shed and before the leaves open in the spring, the leaves do 
not attain their full size, but are pale and distorted and this is a com- 
mon symptom during May and June. Dead limbs without attached 
leaves, or burs, are often indications of the canker disease. Water 
sprouts, or suckers, may develop just below the cankered regions 
the branches or stem and thick clumps of suckers on the trunk and 
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))ranche>, or at the base of the tree, are evidences that the trees are 
attacked by the chestnut blight fungus. 

Xhe cankers on smooth bark are especially marked, and with a 
jg^dish'brown color in contrast with the healthy bark can be seen for a 
considerable distance (Vig. 171). As sunken, ot swollen diseased areas 
of the bark, they occur on branches of all sizes and generally the cankers 
are ellipsoidal with the long axis up and down the stem (hig. 171). 
Xhe cankered areas of bark become covered with numerous small 
pimples (Fig, 172) from which emerge in wet weather long twisted 



Fig. 174.— Chestnut blight ^Wgus, A. Pustules on bark; 

B, escape of pycnospores as gelatinous cords; C, D, magnified views of the cord-like 
masses of pycnospores. {From Gager after MurriU.) 

yellow horns of a gelatinous nature (Figs. 173 and 174). As the 
eanker ages the bark splits and cracks, and in a year or two it peels 
from the tree leaving the wood exposed to the weather (Fig. 127). 
The mycelium forms thick, fan-like mats in the bark and cambium 
the tree and it spreads both longitudinally and circumferentially 
175) until, having completed its growth around the stem, or 
Clinch, and killed the cambium and bark, the part of the tree above 
he girdled portion succumbs and the next year leafless branches 
how the irreparable damage done to the tree by the blight fungus 

127)^ 
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Fig. 175.' — Fan-shaped mycelium of chestnut blight fungus {Endothia parasUica) 
from. rough bark of a chestnut tree, (Photo by E, T. Kirk, after Anderson, Bull. 5. 
Chestnut Tree Blight Com., 1913.) 
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Uorphology.—Oh smooth bark, especially in summer, the outer cork 
[aver is raised into numerous little blisters, with slender, yellow, waxy 
twisted horns emerging from a pore in their apices. A section across 
each blister reveals a somewhat globose pycnidium surrounded by a 
scanty loose mass of whitish, or yellowish h)T)h®, which merge with 
the tangled hyph$ that make up the pycnidial wall. The conidio- 
pbores arise inside the pycnidium, as a dense brush-like fungi and pro- 
ject into the fruit cavity (Figs, 174 and 176). They range in length 
from 20 to 40|i. From these conidiophoreSj spores (pycnospores) are 
abstricted, and as the cavity is filled with the hyphal stalks, the pyc- 
nospores are forced out at an opening in the top of the pycnidium in 
the form of a twisted slimy cord (Figs. 173 and 174). The smooth 
hyaline pycnospores are held together by a sticky material and they 
measure 1.28 by 3.56/i in size, and are oblong cylindric with rounded 
ends sometimes slightly curved. Heald and Gardner^ find that the 
pycnospores are to a considerable degree resistant to desiccation in 
soil in the field and that a large number may retain their viability 
during a period of 2 to 13 days of dry weather (Fig. 177). They 
found that with indoor desiccation a large number of spores survived 
two months and that in 5 out of 1 2 samples not all of the spores had 
succumbed after three months of drying. The longevity limit varies 
from 54 to 1 19 days, the average being 81 days, Studh alter and Rug- 
gles^ by experimental methods obtained some interesting results as to 
insects as carriers of the chestnut blight fungus. Tests were made 
with twenty-one ants in certain laboratory and insectary experiments 
in which they had been permitted to run over chestnut bark bearing 

* Heat-d, F. D. and Gardner, M. W.: Longevity of Pycnospores of the Chestnut 
Blight Fungus in Soil. Journal Agricultural Research II: 67-75, April 15, 1914- 
Additional facta in the life history of the chestnut blight fungus are presented 
in the following; Heald, F. D., and -Walton, R. C,: The Expulsion of the 
Ascospores from the Perithecia of Endothia Parasitica (Murr.), Amer. Jour. 
Bot., 1:449-521, Dec., 1914; Heald, F. D., and Studhalter, R. A.: Seasonal 
Duration of Ascospore Expulsion of Endothia parasitica. Amer. Journ. Hot., 
2:429-448^ Nov., 1915; Ibid., The Effect of Continual Desiccation on the Expul- 
sion of Ascospores of Endothia Parasitica. Mycologia, 7: 126-130; Ibid., Lon- 
gevity of Pycnospores and Ascospores of Endothia Parasitica under Artificial 
Conditions. Phytopath, 5:35-44; Stevens, Neil E.: Some Factors Influencing 
the Prevalence of Endothiagyrosa. Bull. Ton. Bot. Club, 44: 127-1^4; Mch., 1917. 

. *St(]dhalter, R. a, and Ruggles, A. G.: Penna. Dept of Forestry. Bull. 12, 
%il, 1915. 

32 
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spore horns or active perithecial fiuslules of Ertdoihia parasitiaL | 
found that five of the twenty-^ne ants were carrying spores. 'Tests’ 
with other insects demonstrated that they, were carrying spores. Xlie 
number of viable spores carried varied from 74 to 336.960 per 
and the last number was obtained on Leptosiylus Mactdaj one of the 
beetles, which feeds on the pustules of the blight fungus. During 
these experiments, it was proved that the spores of Endothia parasilici 
were easily shaken from the body of the beetle during its own move- 
ments. Heald and Studhalter^ undertook to determine whether birds 
carried the spores. They found on birds shot on blighted chestnut 
trees after the bill, head, tail, feet and wings of each bird were scrubbed 
with a brush and poured plates were made from the wash water, which 
was retained and centrifuged for its sediment, that in the case of the 
36 birds tested, 19 were found to be carrying the spores of the chestnut- 
blight fungus. The viable spores carried by two downy woodpeckers 
numbered 757,074 and 642,341 respectively, while a brown creeper 
carried 254,019, and that the highest positive results were obtained 
from birds shot two to four days after a period of considerable rain- 
fall. Analyses of spore traps at West Chester and Mar tic "Forge’ 
showed that viable pycnospores of the chestnut blight fungus were 
washed down the trees in enormous numbers during every winter 
rain. 

The mature stromata on older cankers have numerous projecting 
papillge on the surface. The black speck at the tip of each papilla is 
the opening of a perithecium, which is a bottle-shaped depression witk 
a long neck-like, black canal opening at the surface. There are com- 
monly fifteen to thirty perithecia in a stroma. The mature perithecia 
(Fig. 176) measure about 350 to 400/* in diameter, and are mostly 
spherical. The neck is usually four to six limes the diameter of the 
perithecium and its black wall is. composed of densely interwoven, 
septate, heavy-walled hyphac running parallel with the long axis of 
the neck. The asci are clavate, or oblong, and contain eight ascospores 
imbedded in an epiplasm. The ascospores are two celled and measure 

’ Heald, F. D. and Stctdhaltee, R. A.: Birds as Carriers of the Chestnut Blight 
Fungus. Journal of Agricultural Research II: 405-422, Sept. 21, 1914. 

* Heald, F. D. and Gaicdnee, M. W.: The Relative Prevalence of Pycuospoies 
and Ascospores of the Chestnut Blight Fungus during the Winter. Phytopathology 
3: 296-305, December, 1913. 
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to 8.0 m in size (Fig. 177). The walls are thicker than those, of the 
pyciiosp‘»fes. Expulsion of the ascospores is dependent upon tempera- 




Fig. 176.— a, Vertical section of a pycnidial pustule. The filaments lining the 
tavity produce the spores that ooze out as '‘spore-horns;’’ B, vertical section of a 
Perithecial pustule. Several of the perithecia are cut so as to show the fuU lcngtbs 
•it tVifc necks in the chestnut hVight fungus (Endolhia j)&ra5itico). (A/ier HtaW, 
F' D., Bull. 5, Chestnut Tree Blight Com., 1913-) 


as well as moisture. There was no expulsion of ascospores under 
conditions from late November until the rain of March 2i> when 
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temperature conditions were favorable. Ascospores were not expelled 
during the warm winter rains, but during the summer rains a^cospor^ 



Pig. 177.— Spore-sacs or asci with eight two-celled ascospores of chestnut bligh 
fungus {Endolhia parasitica). Below diagram showing relative size ofpycnosport- 
(left) and ascospores (right). {After Heald, F. D., Bull. 5, Chestnut Tree 
Com,, 1913.) 

are forcibly expelled in large numbers from the perithecia during and 
after each warm rain in case the amount of rain is sufficient to soak up 
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Pio- 178. — Photograph showing successive stages in the germination of asco- 
ipores and pycnospores of the chestnut blight fungus {Endothia parasiiica). Left, 
^!>Mspore series from 8 to 33 hours at hourly intervals; right, pycnospore series from 
*^ 22 hours, taken every two hours. (After photo by Wm. Currie, Btill. P^una. 



502 


SPECIAL PLANT PATHOLOGY 


the pustules.^ All of the experiments point to air and wind tvanspoy^ 
of the ascospores, as one of the very important methods of dis.'emina- 
tion. Infection is by means of wounds produced mechanically, as b) 
insects and other animals (Fig. 178). It is still to be demonstrated that 
the parasite can enter without visible breaks in the bark.^ In the 
control of this disease inspection of nursery stock should be made 
and the use of gas tar following removal of diseased branches. 

Leaf Mildew [Phyllaciinia corylea (Pers.),-Korst). — ^The under leaf 
surfaces of the chestnut are marked frequently by irregular patches 
of mycelium, which constitute the mildew fungus (Fig. 53). Typical' 
haustoria are absent, but there are special setalike branches which 
penetrate the leaf tissues. The subglobose perithecium is large and 
is garnished with rigid needle-like appendages with a swollen base 
(Fig. 53). There are many included asd usually containing two 
spores, occasionally three. It is a fungus of wide geographic distribu- 
tion throughout the temperate regions of the world. 

Clover {Trifolium spp.) 

Rust, Uromyces trifolii (Hedw.), Liv. — The common clovers of our 
cultivated fields, such as the red clover, alsike clover, white clover, and 
crimson clover, are attacked by this rust, which causes serious disease 
conditions (Fig. 70, E and F). The prevalence of the disease varic' 
greatly with the season. The clover rust fungus is autoecious, all of 
the stages being found on the same host plant. All of the stages 
occur on the white clover {T. repens). In general the spermagonia 
and aecia are not met with on the red clover, the host upon which the 
other stages are perhaps more frequent. The mycelium is local in its 
occurrence in the plant, from it aecia and spermagonia arise in the early 
spring, or at almost any time during an open winter. They occur on 
the under leaf surfaces and on the leaf stalk. The aeciospores are 
to 23 /i in diameter and germinate readily in water. 

Heald, F, D., Gardner, M. W. and Studthaltes, R. A.; Air and Wim 
Dissemination of Ascospores of the Chestnut Blight Fungus. Journal of Agricul- 
tural Research iii: 493-526, March 23, 1916. 

• For num^us other details consult Anderson, P. J. and Rankin, W. H- 
Endothia Canker of Chestnut. Bull, 347, Cornell University Agricultural Kxpeh' 
ment Station, June, 1914. 
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The urediniospores are about 22-26^ by 18-20/i, and repeated 
crops of these may be produced. The tcliospores are formed in sori 
ftith the urediniospores, as the season advances. They are one- 
celled, thick walled and measure 20-35/1 by 15-22/i. The tcliospores 
germinate in the ordinary way by the formation of a four-celled 
basidium each producing a basidiosporc. No satisfactory method 
of con I rolling clover rust is known.' 

Coffee {Cofea arabica, L.) 

Leaf-spot {Cercospora cajfdcola, B. & C.).— The leaves and fruits 
of coffee plants in the Dutch East Indies, Mexico, Cuba, Jamaica, 
Trinidad and Brazil are attacked by the leaf-spot fungus, which causes 
large blotches at first visible only on the upper leaf surface. The spots 
are dark brown at first, later becoming grayish above and clear below. 
The center of these blotches die and here the spores are borne. The 
disease causes the leaves to fall, thus reducing the vigor of the plant 
and preventing the proper maturing of the coffee berries. Infected 
berries fall before ripening. 

Rust {Hemileia vastatrix, Berkeley & Broome). — The coffee rust is 
widely spread through the coffee-growing regions of the old world, 
and it has been reported from the American tropics, but there is some 
uncertainty about reports. It is the most destructive disease of the 
coffee plant and American coffee growers should be on the lookout 
for it. 

Orange-red spots appear on the leaves, which finally wither and drop, 
and frequently parts or whole plants die, especially during the rainy 
season, when the red spots increase in number. The spots appear as 
slightly transparent discolorations, which are not easily observed until 
the leaf is held up to the light. An older spot is yellow in color and then 
1 bright orange color. They vary in size, but are usually circular in 
outline, and increase in number during June and July, when the disease 
reaches its culmination, if the weather conditions are favorable. The 
'Pores are produced in great abundance in the orange-red spots and on 
being set free are carried by the wind and insects to other coffee plants 
511 the leaves of which they germinate sending a germ-tube into the 
^ through the stomata. The urediniospores 35 to 40/i by 25 to 28/i 
He single, usually egg-shaped, provided with a papilla and without 
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germ-pores. The teliospores arc unicellular. As a remedial measure 
the use of tobacco water or Bordeaux mixture is recommended. 

Com {Zea maySj L.) 

Dry-rot {Diplodia zea (Schw.), Lev,).— The dry rot fungus attack? 
the dry ears of corn soon after silking and does not usually manifest 
itself until husking time, when the kernels are found to be covered witt 
a whitish mycelial growth, which dips down between the indi vidua! 
grains of corn. The grains so attacked become shrunken, looseh 
attached to the cob, lighter in weight, darker in color, and more brittle 
than the healthy grains. Pycnidia may be found imbedded in the 
mycelium, especially between the kernels. In the open field, these 
pycnidia may be formed in such numbers as to impart a black color 
to the grains of corn. Of course the feeding value of the corn is gone 
and some physicians even ascribe pellagra to the use of such moldv 
corn. When the fungus attacks the stalks, it forms small dark specks 
under the epidermis near the nodes and even on three-year-old stalks 
pycnidia have been found. Infection takes place through the roots 
and the fungus which enters in this way finally reaches the stem. Ear 
infection may also occur through the silk by wind-blown spores which 
come from old diseased stalks left in the field, so that by destroying 
the corn trash the disease can be controlled to some extent. Rotation 
of crops is probably more efficacious. 

Smut {Ustilago zea (Beckm,), Unger). — ^The smut boils of Tndiai\ 
corn, or maize, are found not only on the ears as with most smuts, but 
also on the husks, on the tassels of male flowers, on the leaves, and even 
on the stem (Figs. 179 and 180). The attack first begins on any young 
and tender part of the plant. If the leaves are the part attacked, they 
■assume a pale yellow hue and are puckered with smaller, or larger 
bladder-like swellings. The swellings are made up of masses of the 
hyphas of the smut fungus and their surface is covered with a smoolb 
skin-like covering. Later the hyphae divide up into innumerable 
rounded cells, which develop into the smut spores, or chlamydospores. 
Finally, the silvery-white skin having been more and more stretched 
bursts, and the black chlamydospores are set free, as a powdery 
mass. The echinulate chlamydospores measures 8 to 12^, and 
readily germinate in manure-water giving rise to a four-celled basidium 
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chcell of which produces a basidiospore. Infection of the nascent 
?sue at any part of the growing corn plant is accomplished by the 



Fig. 179.— Snmt boU of Usiilogo zccb on ear of corn, developed from one infected 
lerne!. {After Jackson, F. S„ Bull. 83, DcL Coll Agric. Exper. Stat., December, 
1908.) 

^sidiospores and not by the chlamydospores (Fig. i8i ). Wd: weather 
s essential for the growth of the corn and the smut also. 
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The disease may be controlled by removing the smuttc-d 
from the field and destroying them and also by a rotation of crops 



Fig. i8o. — C orn smut on tassels of sweet corn. {After Jackson, F. 5,, Bull. 83 , 
Coll. Agric. Exper. Stat., December, igo8.) 

As the fungus may infect the adult plant, the treatment of the seed 
corn with fungicides has been unsuccessful. Rotation of crops sisc 
assists in keeping, smut in check. 
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W^ilt [Pseudomonas Stewarti, Smith). — ^This is a specific communi- 
cable disease of sweet corn and other races of maize, caused by a yellow, 
polar-flagellate organism discovered in 1895 by F. C. Stewart. The 
^ase has been found on. Long Island, in New Jersey, Washington, 
j) c., Maryland, Michigan, Virginia and West Virginia. One of the 
of disease in well-grown plants is the whitening (drying 



Fig, i8r. — Germination of the chlamydospores of corn ssmut {JJslilago ze^); i, 
Urious stages in germination from corn 3 days after being placed in water; 2, spores 
jerminatedin contact with air; 3, several days after spores were placed in 1/20 per 
:ent acelic acid, formation of infection threads, a. Spores; h, pronjycelia; c, basidio- 
spores; d, mfection threads; e, detached pieces of mycelia. [After Bull. S 7 . Univ. 
Ill- Agric, Exper. Siat., March, igoo.) 

of the male inflorescence. The leaves then dry out and the plant 
is dwarfed, later the stem dries. If the leaves or the stem be chosen and 
i)foken across, slimy yellow contents ooze out. A cross-section of 
Ihe stem shows that the organism fills the vessels of the host plant and 
the wilting is due to the stoppage of the water supplies by the* tracheid 
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The greatest pains should be taken to secure only sound seed corn 
but in the present indifferent state of the seed-trade, even the besj 
should be treated with mercuric chloride before planting. On fields 
subject to the disease, only resistant varieties should be planted 
Manure containing corn stalks from diseased fields, or gathered fronj 
animals pastured in such fields, should never be used on land designed 
for corn.^ 

Cotton {Gossypium sp.) 

Boll Anthracnose {GlomercUa gossypii (Southw.) Edg.) {— Coll^o, 
irichum gossypii^ Southw.). — The same fungus causes an anthracnose 
of stem and boll of the cotton plant, especially in the Gulf states. The 
disease is more important when it attacks the boll, or the seedlings. 
The ^bolls lose their green color and become dull red, or bronzed. 
If the boll is • nearly mature when attacked, it may mature and 
open in the usual manner, but if attacked early, it may cause a prema- 
ture dying of the carpels and an unequal growth of the boll, which is 
liable to crack open and expose the immature lint to the action of the 
weather. The first evidence of the disease is a minute reddish spot, 
which later becomes black in the center and depressed with a reddish 
border, and these spots may run together. 

Two types of conidiophores break out from the stroma within the 
tissues. Some of the conidiophores are hyaline and abstrict conidio- 
spores that measure 4.5 to y/x by 15 to 20/1, while other conidiophores ia 
the form of set^e arise from the dark colored cells of the stroma. The 
setae are clustered and bear ovate, basally pointed spores. Spores and 
setae together form an acervulus. The spores germinate readily and 
produce a mycelium which grows vigorously in culture, is hyaline, 
flexuous and abundantly septate and it may give rise to appressoria. 

Proper remedial measures have not been discovered, and a field of 
experimentation is opened up along these lines. Use resistant 
varieties. 

Rust {Uredo gossypii, Lager.). — This is the uredo stage of A'we/mfob 
gossypii (Lagerh.) Arth. which occurs on the cotton plant in Cnba, 
Puerto Rico, Florida and Guiana, ^cia arc wanting in the life cycle, 

^ Smith, Erwin F.; Bacteria in Relation to Plant Diseases, Volume III: 89-13°' 
i9i4,^where^full’details of the experimental study of the disease and the causal; 
organism will be found. 
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while the other spore forms are represented by urediniospores and 
teliosporfs. All parts of the green cotton plant may be rusted, 
spreading to the new leaves as they are formed. Small rounded, or 
angular, purplish-brown spots appear on the upper leaf surface and the 
urediniospores are borne in pustules just beneath the epidermis on the 
under leaf surface, which finally ruptures and sets them free. The 
varieties of cotton grown in the Southern United States are partially 
immune, while the tropic varieties are more susceptible. It is rec- 
ommended that the cotton grower destroys all rubbish in his fields 
and adopts a system of field culture in which only vigorous plants will 
k obtained. 

Cranberry {Vaccinium macrocar pon, Ait.) 

Gall (Synch^trium vaccinii, Thomas) (Fig. 230).— The fungus which 
causes cranberry gall is a very much reduced phycomycetous one, which 
attacks the young stems and leaves, as well as flowers and fruit of the 
cranberry. It also lives on other erica ceous plants. The galls are 
small in size, reddish in color and are produced in great numbers on the 
parts affected. The fungous body is much reduced, consisting of a 
single cell which becomes a zoosporangium. The presence of this 
parasitic cell in the tissues of the host is to produce a small gall. Later 
tile zoosporangium develops a mass of swarm spores, or zoospores, . 
which escape into the water. Infection, therefore, probably takes 
place when water is abundant. 

Scald {Guignardia vaccinii Shear). ^ — The scald fungus (Figs. 182 
and 183) may attack the very young fruit and even the flowers of the 
cranberry and annually does considerable damage to the growing crop, 
as the annual loss has been estimated at $200,000. The pycnidia 
are usually found upon such parts. The berries are characterized by 
watery spots, which may remain small under certain conditions, while 
ufider others it spreads quickly, often concentrically until the whole 
litrr}^ becomes soft. The leaves are also spotted wdth irregular brown 
spots within which the pycnidia are found. 

The pycnidial stage is a characteristic Phoma, or Phyllosticta, 
measuring 100 to 120/i in diameter. These are scattered over the 
^^^ected surface and abundant hyaline, obovoid pycnospores are formed, 

^ Shear, C, L. : Cranberry Diseases- U. S. Bureau of Plant Industry. Bull. 

1-64, 





Pig. 183, — Details of cranberry scald fungus (Guignardia vaccinii). 1, A cran- 
leaf, showing pycnidia of Guignardia vaccinii thickly scattered over the under 
irface; a, a cranberry blossom blasted by Guignardia vaccinii, showing pycnidia on 
‘lyii. corolla, and pedicel; b, a blasted fruit, showing pycnidia. 2, A vertical section 
a single pycnidium of Guignardia vaccinii from a cranberry leaf, showing pycno- 
«res in various stages of development. 3. An immature pycnospore of the same 


laglis. showing the partially formed appendage; a, the same, showing'a little later 
*86 of development; b and c, fully developed pycnospores and appendages. 4, 5, 


7 - 8, and 9, Various stages in the germination and growth of pycnospores otGuig- 


vata vaccinii grown in weak sugar solution; 4, 5, 6, and 7, 72 hours after sowing; 

9 , 86 hours after sowing. 10, A vertical section of a perithecium of Guignardia 
•cctnii, showing asci, from a cranberry leaf collected in New Jersey. 11, Three 
'Cl, with ascospores showing variations in length of the stipe and the arrangement 
ne spores; a and &, from perithecia on a leaf; c, from a pure culture. 12, A fresh, 
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which measure 10.5 to 13.5/i by 5 to 6/u. The ascigeral stage is loss com, 
mon. The perithecium has a rather dense wall inclosing a number of 
clavate asci, which are 60 to 8o;u long (Fig. 183). The ascospores are 
hyaline, elliptic to sub-rhomboidal in form with granular contents 
The fungus has been grown successfully in artificial culture media but 
after a few generations, it seems to lose in vitality. 

Preventative measures consist in an occasional renovation of the 
bag and in the proper regulation of the water supply. Spra)'ing at 
least six times with Bordeaux mixture (5-5' 50) is used with success- 
especially, if adhesive substances (4 pounds resin fish oil soap) ar 
added to the mixture. 


Grape [Vitis spp.) 

Black-rot (Guignardia Bidwellii (Ell.) V. & R.).— Wherever th 
grape is grown this American fungus is a constant menace to the sue 
cessful prosecution of the industry. It attacks not only the fruits, b« 
also the leaves, fruit pedicels and stems. The disease, which is mos 
important on the berries (Fig. 184), begins as a small circular brown spo 
which enlarges until it is 5 to 10 mm. in diameter, when the center of th 
spot will be found to show a few black pimples which are the opening 
of the pycnidia, which have now appeared beneath the skin. Th 
spots become darker in color and spread until more than one-half ( 
the fruit surface is involved, when the fruit begins to lose its spheri 
contour and to shrivel, persistently hanging on the vine sometimt 
throughout the season. Nearly all of the dark colored grapes at 
susceptible, such as the universally grown Concord, while some ligl 
colored varieties are more resistant. The Scuppemong is apparenti 
entirely resistant. 

As with many of the fungi which attack our cultivated plants, th 
different stages were known before the complete life cycles w^ere di 
ter mined and therefore, these stages received scientific names, whic 
are relegated to synonymy, when the life history becomes know 


mature ascospore, showing the usual condition., in. which the protoplasna is vet 
coarsely granular. 13, An old ascospore from a dried specimen, having its conyo 
homogeneous. 14, a, A portion of the coarse brown mycelium from the interior' 
a scalded berry, from which a culture was made December 23, producing pycnid 
and ascogenous pcrithecia of Guignardia vaccinii; b, a portion of younger, 
colored hyphse from the same berry. {After Shear, C. L., Bull, no, U. 5 . Bureau t 
Plant Industry, 1907.) 
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IJjoroug^^lv. So it has been with the black-rot fungus. The pycnidial 
,^e on ihe grape- leaves (Fig. 185) was called Pkyllosticta lahrusca, 
yliile on the fruit it was called Pkoma uvicola. These have been 
fetermined to be merely stages of one and the same fungus, Guipiardia 
The mycelium of the black-rot fungus is never abundant in 
the outer portions of the berries where it is found. Here a stromatic 
mass of hyphse arises' beneath the grape skin and develop the pycnidia, 
ithich are broadly elliptic, thick-walled and 
jeakless depressions from the inner walls of 
v-liich the pycnidiophores arise which abstrict 
jgthcovate to elliptic pycnidiospores (pycno- 
pores) 8 to lo/i by 7 to 8/u. These are pushed 
mt in twisted masses and can germinate im- 
aediately. 

Sperniagonia-like pycnidia of smaller size 
,re also found. These produce filiform con- , 
iophorcs, which cut off minute, slightly 
urved microconidia. The ascigeral stage, 

Ikovered in 1880, may be had on fruit, 

(hich has been covered with grass and leaves 
1 the dried up state. The perithecia are 
jobose and bear broadly clavate asci con- 
aining eight unicellular ascospores, measur- 
iigi2toi7M by 4.5 to s/i. 

The black-rot grape disease can be con- 
rolled by Bordeaux mixture (4-4-50) . The ^ ^ ‘ 'if. 

irst application should be made in the spring, attacking green grapes. Cold 
list as the buds begin to swell, followed by Harbor, L. i., July 

second spraying, as the buds unfold. Sub- 

equent sprayings, always before rain storms, to the number of five 
r six, should be made tWo weeks apart during the season. After 
uly JO use 4-2-50 Bordeaux, or ammoniacal copper carbonate. 

Downy Mildew {Plasmopora vUicola (B. & C.) Berl. & DeTon). — 
be consensus of opinion among mycologists is that the downy mildew 
iffigus is of American origin, and it is now widely spread in Europe and 
astern North America, where it probably did not originate. It has 
wn noted on practically every variety of cultivated and wild grapes, 
nd it attacks stems, leaves and berries. Usually it confines its attack 
33 
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to the grape leaves (Fig. 186), where it produces under ordinar 
conditicais spots of mildew, especially on the lower leaf surface. \J 
bad cases, the whole lower leaf surface may be covered with the downy 
or cottony mass of hyphae which gives the fungus its common name 
The parasitic hyphae live in the intercellular spaces of the host am 
send into the host cells small knob-like haustoria. The presence 0 
the mycelium seriously interferes with the normal physiologic aclivitj 
of the host. In light cases, the areas of upper leaf surface immediatel' 
overlying the hyph« turn brown in the form of angular spots. Througi 



Fig. 185. — Black-rofc fungus (Guignardia Bidwellii). a, Portion of an affedft 
grape showing pustules; b, section of pustule (pycnlum) showing pycnospores; c 
ascus with ascospores; d, ascospores, {After Quainlance, A. L., and Shear, C.L 
U. S. Farmers' Bull. 284, 1907.) 

the Stomata emerge stiff projecting conidiophores which form shorl 
stub-like branches from which fall ellipsoidal coni diospo res. Thesi 
conidiospores are virtually zoosporangia for their protoplasmic con- 
tents divide into a number of biciliate zoospores . which escape anc 
swim about in the rain water which covers the leaf or stem, or are wa-shec 
down, or splashed from plant to plant during a dashing rain storm 
When the fungus appears on the fruit, it has been called gray rot, aw 
occasionally, the berry may be completely covered with a downy mas 
of hyphae. 
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The oogonia and antheridia are not so common as the conidiospores. 
jf the shriveled parts of the leaves. are examined in September, the 



1S6, — Grape leaf attacked by mildew, Plasmopara viticola, Cold Spring Harbor. 
L. L, Aug. 2, 1915. 

•Kigoriia will be found as spheric organs attached to the intercellular 
%ph2c by a short stalk. One or several ilamentous curved ahtheridia 
are formed near the oogonia to the surface of which they become ap- 
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plied. A germ tube is formed through which the antheridial con 
tents pass over into the oogonium. A single large central egg-cell or 
oosphere, becomes differentiated in the protoplasm of the oogonium- 
this contains a single nucleus in a central position, while the remaining 
nuclei pass into the peripheral layer of protoplasm (periplasm). \ 
single male nucleus passes through the antheridial beak into tbe 
oosphere, which becomes surrounded by a cell wall. Nuclear fusion 
now takes place and the oosphere becomes an oospore with a single 
central nucleus. The oospores are about 30/i in diameter. 

Bordeaux mixture is the most important fungicide used in combating 
the downy mildew disease. It is applied as in black-rot. 
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(CONTINUED) 

Hemlock {Tsuga canadensis Carr) 

Heart-rot {Polyporus borealis (Wahl), Fr.).— This bracket fungus is 
distributed widely in North Temperate regions. As a wound para- 
site, it occurs on hemlocks, pines and spruces, entering these trees 
through the stubs formed by the breaking off of branches. The 
mycelium gradually grows into the heart of the trees and from there 
downward into the roots and upward into the tops. It advances in 
definite directions through the wood in the form of cords, or strands, 
«-hich run radially, or tangentially, in the channels dissolved by the 
ac(ion of the enzyme, which is formed by the living hyphae. The 
wood shrinks and the mycelial strands begin to dry up, and the wood 
is separated into cuboidal blocks marked off by the channels formed 
bv enzyme action. If the mycelium attacks the cambium, the trees 
die. The bracket-like fruit bodies are soft and spongy and last only a 
season. They are, according to Atkinson, lo to 20 cm. (4 to 8 inches) 
by 6 to 15 cm. broad. Several of these sporophores may be joined 
together. The upper surface is rough, shaggy and has a sodden ap- 
pearance. The pores on the under side are quite regular with rounded 
openings in some specimens, or irregular, elongated and sinuous in other 
samples. 

Hollyhock {Alihm rosea Cav.) (Fig. 187) 

Rust {Piiccinia malvacearum, Mont.). —This fungus was introduced 
into France about 1868 from Chili, where it is native, and in the 
summer of 1915, the writer found it very destructive to the hollyhocks 
in the gardens on the Island of Nantucket off the southern coast of New 
England, It spread rapidly over Europe and came to the United 
States in 1886 upon infected seed. The leaves are spotted with the 
yellowish-brown sori slightly raised above the leaf surface (Fig. 72), or 
tfiey are found on the stem in the form of small wart-like elevations. 
The leaves dry up, as if blighted, and during August of 1915 on Nan- 
517 
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Pig. 187,— Hollytock rust, Puccinia vtalvacearum, 1, Typic mature telia" 
spore; 2-6, different stages in growth of promycelium (basidium); 7, forked promf 
celium; 8, basidium dividing into 4 cells; 9, basidium resembling a germ tube; 
cells breaking apart; 13-16, germination of promycelial cells; 17, empty cell; im- 
mature basidiospores; 19, 20, same in germination; 25, 26, formation of chlattiytl^ 
spore-like bodies in old promycelia. {After Tauhenhaus, J. J. : Phylopalh. I , Apr»’ 
1911.) 
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tfldet ^ leaves were left on a row of garden hollyhocks, 

jll of the other , leaves having fallen off. The sori consist of light- 
colored teliospores which are two-celled and measure 17 to 24/11 by 35 to 
187). 

Bordeaux mixture ( 4 - 3 ''So) has been found efficient, as a spray, in 
controlling the hollyhock rust. Others recommend sponging the dis- 
used pnrts with permanganate of potash, two tablespoonfuls of 
aturated solution diluted with one quart of water. 


Larch {Larix spp.) 

Cmkcx {Dasyscypka Willkommii, Hartig). — The life history of this 
leslructive fungus of larch trees has been studied by German plant 
)atliologists, so that it is pretty well known. In the moist, marsh 
neadows in the mountains of Europe where the larch has been planted 
a pure forests, the fungus has been frequent in past years. The 
nycelium attacks the bast elements of the stem and its insidious char- 
icter is manifested in the death of the bark, which peels off. Pro- 
lounced cankers soon develop and the fungus lives perennially in the 
ree spreading rapidly when the larch tree is comparatively inactive, 
iz,, autumn and winter. The diseased area, represented by wounded 
issue, may heal over during the growing season, but when the fungus 
egains its activity the disease progresses until the branch is com- 
iletely girdled and its terminal part dies. 

Creamy white stromatic tufts appear, where the bark has been killed 
nd on this superficial mycelium minute conidiophores arise, which 
lear simple hyaline conidiospores. As these probably do not germinate 
tiey have no influence in the spread of the canker. Short-stalked 
pothecia may appear on the canker areas later in the year. They 
fe somewhat yellow on the outer surface and orange within. The 
ylitidric asci (120/i by g/z) bear light ovoidal, unicellular ascospores. 
iliform paraphyses are found between the asci. No efficient remedial 
leasures are known. 

Dry-rot {Trametes pini (Brot Fr.).— This fungus is very common 
1 the forests of New England, Canada and Newfoundland. It grows 
n nearly all coniferous trees; white pine, red spruce, white spruce, 
snilock, balsam fir and larch attacking the living trees afj:er they 
cgin to form heartwood. In the tamarack, or larch, the decay goes 
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much beyond that pf the spruce and balsam fir. In the early stages 
according to von Schrenk, small white spots appear, which occupy 
entire width of an annual ring. Two or more of these spots soon join 
at first in a longitudinal direction, then laterally also, so that one oi 
more rings of woods are transformed to cellulose. The rings are tW 
separated from adjoining ones so that a series of easily separabli 
tangential plates are formed. The line of separation between th( 
rings is always at the point where the summer wood stops and tb 
spring wood of the following year begins. 

The progress of decay is marked by the attack of more and mor 
sound wood fibers which are reduced to loose fibers of cellulose until th( 
wood has disappeared, when black lines appear, scattered irregularlv 
The tangential plates become ultimately extremely thin and they ther 
consist of the resistant summer wood cells more or less infiltrated witl 
resin. The whole of the former woody cylinder becomes a mass o 
separate fibers which can be pulled out individually. 

The fruiting organ is found commonly on all of the affected trees 
It is readily distinguished from allied forms by the light red-browi 
color of the hymenial surface, and the regular small round pores. Th 
form of the pileus varies greatly. Sometimes the brackets are larg 
on the larch, lo cm. (4 inches) in width laterally, 7 cm. (2.8 inches) froiiij 
front to back, and 5 cm. (2 inches) in thickness, and are formed at the 
ends of old hard stubs and at scattered points on the bark. Some- 
times sessile sheets are formed inside of the brackets. The basidia, 
which form the hymenial surface that lines the pores, are smaller ai 
the apex and form from slender, spore-bearing sterigmata. The 
basidiospores are brown at maturity. 

Lemon {Citrus Umonunii Risso.) 

Brown-rot {PythiacysHs ciiriophora, R. E. Smith). — The diseased 
characterized by a copious exudation of gum from the trunk just above 
the bud union. A certain area of the bark surrounding the part whict 
shows gummosis dies, becomes hard and dry without any evidence 0 
the fungous parasite. It appears especially destructive on the fruit 
after packing, and is recognized as a brownish, or purplish, discolora 
tion of the rind, which is lighter green than on the ripe fruits. I 
spreads rapidly from fruit to fruit, and is also characterized by it 
peculiar odor and the presence of small flies attracted to it. Thi 
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juyceliuJ^ penetrates the lemon rind and consists of much-branchcd 
extensive hyphae of irregular diameter. Conidiospores which repre- 
sent zoosporangia appear under favorable conditions. They measure 
20 to 60 by 40M to 90M and are lemon-shaped with a pronounced protu- 
berance at the apex. Upon opening a number of bicilia te zoospores 

liberated. 

Infection of the fruit usually takes place in the orchard and also 
during the operation of washing the lemons preparatory to packing 
them. The wash water, therefore, should be treated with copper 
sulphate, formalin, or potassium permanganate. In using formalin, 
it is made up in one part to ten thousand parts of water, or i pint to 
about 1200 gallons. Where the cheaper copper sulphate is more 
available, i pound should be dissolved in 250 gallons of v^ater. 

Sooty Mold {Meliola Penzigi^ Sacc., and M, camellia (Catt.) bacc.).— 
This fungus is widely distributed in those districts where citrus fruits 
are grown. It is most injurious to the orange, but occurs on the 
lemon as well, appearing on both leaves and fruits. The mycelium 
forms a sooty black covering on the leaves, twigs and fruits and is 
usually associated with various scale insects and aphids, which exude 
a honey dew upon which and the dead bodies of the scale insects the 
fungus feeds as a saprophyte. The mycelium consists of large branched 
threads, which are closely septate, and the branches are cemented 
together to form a false stratum, which lives purely as a superficial 
saprophytic growth without penetrating into the tissues of the citrus 
plant on which it is found. Certain hyphal branches flatten out and 
probably serve as appressoria. The reproductive cells are of various 
kinds, such as stylosporcs in pustules, pycnidia with pycnidiosporcs 
(pycnospores) and perithecia. The stylosporcs arise from small 
comdiophores within peculiar, elongate, flask-shaped structures. The 
pycnidia are small and scattered. The perithecia are spheric and in 
close asci with eight dark elliptic, three- to four-septate spores. 

The most effective substance for the treatment of sooty mold has 
been found by Webber to be the resin wash.^ The mixture consists of 


Resin 20 lb. 

Caustic soda (98 per cent.) 4 lb' 

Fish oil crude 3 lb- 

Water to make 15 g^l- 


* Duggar, B. M.: Fungous Diseases of Plants: 2:3. 



522 


SPECIAL PLANT PATHOLOGY 


Webber prepares the mixture as follows: Place the resin, caustic 
soda and hsh oil in a large kettle, pour over them 13 gallons of water 
and boil until the resin is thoroughly dissolved, which requires froin 
three to ten minutes after boiling has commenced. While hoi. add 
enough water just to make 15 gallons. It is advised to make about 
two sprayings when the white fly {Aleyrodes) is in the larval stage. 
In Florida winter sprayings are important, but a spraying in May is 
also often desirable. In all cases dilute the stock solution with 9 
parts of water. 

Lettuce {Laciuca saliva, L.) 

Drop {ScleroUnia Ubertiana Fckl). — This is one of the most disas^ 
trous of the sclerotium'producing fungi to garden and greenhouse 
plants, being widely distributed and difficult to control. It attacks 
greenhouse lettuces, causing at first flagging, then indications of 
water-soaked areas over the stem and basal part of leaves, finally fol- 
lowed by the collapse of the whole plant into a formless mass. The 
mycelium may grow on the surface of the lettuce leaves and black 
sclerotia may be formed there commencing as white condensations 
which finally turn black. Conidiospore formation is not certainly 
known in the lettuce-drop fungus. Sclerotia, however, are commonly 
formed which measure 3 cm. in length and these are formed even on 
artificial culture media. The apothecia are wineglass-shaped with 
long black stalks. The asci formed on the upper depressed side of the 
apothecia are cylindric and measure 130 to 13 5 m by 8 to lo/x, while the 
ascospores are small, 9 to by 4 to 6.5/i. 

All dead and diseased lettuce plants should be destroyed by lire 
and the ground where they grew soaked with some suitable fungicide 
so as to confine, or practically exterminate the disease. The soil 
should be sterilized with steam before planting. 

Lilac {Syringa vulgaris, L.) 

Powdery Mildew {MicrospfuBra alni (Walk.) Wint.). — During the 
summer months and late in the autumn, the upper surface of the leaves 
of the lilac will be found covered with a whitish mildew which consists 
of interlacing hyphae, which form a cobwebby, superficial growth. 
Short haustoria are produced which grow into the epidermal cells. 
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in\ helium develops upright vertical conidiophores which abstrict 
og conidiospores in chains. These conidiospores no doubt account 
for the rapid spread of the disease, which is never very seripus to the 
]ilac shrubs, but no doubt to some extent interferes with the normal 
physiolof^c processes of the leaves. Subsequently perithecia are 
formed which are spheric in shape, almost jet black in color, and which 
jfo surrounded by a circlet of hyphae known as appendages, which are 
curved or dichotomously hooked at the extremities. Each perithecium 
produces 3 to 8 asci, and each ascus contains 4 to 8 relatively small 
ascospores, which measure r8 to 23// by 10 to i2jx (Fig. 54). 

Maple {Acer spp.) 

Decay {Pomes fomentarius (L. Fr.) (Fig. 188).— The sporophores 
uf this fungus are hoof-shaded and appear first as small rounded knobs 
on the surface of the trunk, or at branch stubs. The upper surface is 
smooth and more or less definitely marked by concentric ridges. The 
older fruit bodies owing to the action of the weather are uniformly 
gray and appear as if powdered. The lower surface is reddish-brown 
in color and shows numerous, small round pores. The margin of the 
new layer is grayish white and very soft and velvety. The sporo- 
phores are found usually singly, although by proximity of two, or several, 
they may appear grouped together. The decay produced in the wood 
ttf deciduous trees hy Pomes fomentarius hegins in the outer alburnum 
immediately beneath the barky layers, and extends inwardly, until 
it reaches the pith of the tree. The rotten wood is distinguished by 
1 large number of irregular black lines outlining areas of sound wood. 
i^Tiolly decayed wood is extremely soft and spongy, light yellow and 
crumbles into numerous separate wood fibers when rubbed. The 
litider fungus, Pomes fomentarius, is found in the deciduous forests of 
Michigan, Minnesota, New England, New York, Wisconsin and in 
“ther states. It grows rapidly in dead wood and the mycelium will 
orm large masses if the infected timber is kept under moist conditions. 

Leaf-blotch {Rkytisma acerinum (Pers.), Fr.).^ — The tar spot of the 
aaple is found about Philadelphia usually on the silver maple to which 
does slight injury. The black irregular spots are, however, always of 
Uerest to the laymen and questions are asked frequently about their 
ause. The spot begins, as a yellow thickened area, when the maple 
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leaves are expanded fully. The epidermis is pushed up by Snor i eoniflio- 
phores which arise from a hyphal stroma beneath. These cohidio. 
phores produce unicellular, curved 'Conidiospores which serve to dis, 
tribute the fungus. Formerly this stage was called Melosmia. Later 



Fig. i 88. — Cross-section of branch of dead beech rotted by Fames fomenlcrm' 
{After von Schrenk, Hermann, Bull. 149, U. S. Bureau of Plant Industry, pi ('(''• 

1909-) 

as the season advances, the Ijyphae become massed into a sclcrotium-' 
like area black without, but white within, and this persists after the fall 
of the leaf. Sometime the next spring, there arise from these sclerotia 
complex apothecia often 1.5 cm. broad, which break through at irregular 
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Assures. The club-shaped asci bear eight acicular ascospores between 
;vhicli are found paraphyses with hooked tips. These ascospores 
measure 65 to 80/cby 1.5 to 3m and are ejected forcibly from the ascus. 
As the disease is not a serious one, usually no remedial measures are 
necessary. If the owner of maple shade trees wishes to keep it in 
check, he should burn the dry maple leaves which litter the ground 
about his place. 


Melons, Squashes, Watermelons [Cucurhiia spp.) 

Anthracnose^ [Colktotrickum la^emrium (Pass.), Ell. & Hals.— As 
an illustration of a disease-producing fungus included among the Fungi 
Imperfecti, we may describe briefly the anthracnose of cucumbers, 
squashes, watermelons, Colletotrickum lagenarium, which attacks 
both leaves and fruits. The leaves are found with brown spots which 
cause tlieir early maturity. If the fungus attacks the fruits, it produces 
iunken water-soaked spots in which the acervuli appear. The acervuli 
produce numerous conidiospores sticking together to form viscid 
masses of a pink color. During moist weather, the hyphse may grow 
out, superficially covering the fruit with a mold-like growth. The 
fungus eventually causes a complete decay of the fruit. The disease 
has been prevalent in Nebraska and New Jersey. If the disease 
appears in greenhouse culture, it is well to sulphur the greenhouses 
thoroughly when they are empty, and to clean and whitewash all the 
walls and woodwork to destroy any funguses present. Spraying with 
Bordeaux mixture (3 6-50) should begin when the vines begin to trail 
wer the ground. Subsequent sprayings should be made every ten 
lays, il the weather is dry. 

Will (i^acillus tmthei-phihis, E. ¥. Sm.). — This serious disease of 
'ucurbitaceous plants was first reported by Erwin Smith about 1893. 
It was first known in the northeastern states, but it is now common in 
ihe middle west and Rocky Mountain regions. Although pumpkins 
md squashes may be attacked by wilt, yet cucumbers and melons are 
^osl susceptible. This microorganism, which is a rod-shaped bacillus 
^0 or three times as long as broad, is actively motile by wavy cilia 
)fily when young. It measures 1.2 to 2.5/x by 0,5 to o.y/x. It causes a 
Progressive wilting of the host which it attacks. Whether the whole 
plant dies depends upon the point of infection, which is usually ac- 
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complished by biting insecis. ii a leaf is attacked, it dies back to the 
stem. If the basal part of the stem is infected, the plant rapidly 
succumbs. This rapid wilting is due to the fact that the organisir 
lives in masses in the vessels of the xylem by which the water taken 
up by the roots is distributed throughout the plant, hence any occlusion 
of these spiral and pitted vessels stops the water supply and the plant 
suffers. Advanced stages of the disease may be characterized by the 
disintegration of the vascular system and the formation of cavities in 
the adjacent parenchymatous tissue. Smith sums up the cultural 
characteristics of this organism, as follows; Stains readily; smooth- 
white; viscid; glistening; slow grower on media; surface colonies small 
round, discrete; no growth at 37^0. or at 6®C. (16 days); aerobic; faculta- 
tive anaerobic (with grape-sugar, cane-sugar or fruit-sugar); usually 
it grays potato after a time; clouds peptone-bouillon and Dunham's 
solution thinly; growth retarded in acid juice of cucumber-fruits; 
also retarded or inhibited by juice of many vegetables, e.g. table-beet, 
sugar-beet, turnip, etc.; grows on many media at 25°C., carrot, coco- 
nut, etc.; thermal death point 43°C.; optimum for growth 25° t0 3o°C., 
maximum, 34® to 35°C.; easily killed by dry-air, sunlight, freezing; 
ammonia production moderate, in litmus milk persistent growth without 
reduction or distinct change in color of litmus; killed readily by acids. 
Group No. 222, 232, 2023. As the disease is distributed by insecis, 
the grower of cucurbits should endeavor to reduce the number of 
these pests by the use of kerosene, or arsenate spray, and trap plants 
should be grown to attract the insects away from the more valuable 
plants. 

Oak {Quercus spp.) 

Decay {Polyporus sulphur eus (Bull.) Fr. Figs. 189 and 190).— The 
decay induced by Polyporus sulphurous is often called the red heart-rot. 
It attacks not only oaks, but also the chestnut, maples, black w-alnut, 
butternut, alder, locust, etc. It is widely distributed in North America 
and Europe. The sporophores of this fungus form a series of superim- 
posed, fleshy brackets of a sulphur-yellow color, weighing in the aggr^ 
gate at limes almost one hundred pounds (Fig. 189). The color some- 
times may vary to an orange- red. The under surface is usually a ligki 
yellow color and beset with numerous minute pores. At maturity, the 
fruit bodies lose their soft character and become harder and more brittle, 
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aad frequently, become the prey of maggots which riddle them with 
lioles arid burrows. It is also eagerly gathered by mycophagists who 
Ijiow it to be an excellent article of food. 

The mycelium of the fungus may live in the dead wood of a tree 
after it has been killed for a number of years, so that the same tree may 
produce successive crops of edible fruit bodies. The destruction, which 
the mycelium works, is characteristic. The heartwood is reduced to a 
crumbly brown mass which resembles charcoal in its fracture, but is 



Fig. 189, — Fruiting body of Polyporus sulphureus. {After von Schrenk, Hermann, 
Bull. 149, U. S. Bureau of Plant Industry, pi. iv, 1909.) 


red-brown in color. The decayed wood shows concentric and radial 
cracks extending irregularly through it (Fig. 190). As the wood is at- 
tacked and destroyed by the spreading mycelium, these cracks increase 
and in them are found leathery compact sheets of mycelium, which can 
be isolated by reducing the decayed wood to a fine powder by the blows 
of a hammer. The wood decays uniformly and is converted into a 
brittle brown substance, which can be rubbed to a fine powder between 
the fingers. Von Schrenk found that the youngest tre^s in which the 
red heart-rot occurred were about 50 years old. The removal of dis- 
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eased trees seems to be the only efficient method of checking the spread 
of Folyporus sidphureus. 

Honeycomb Heart-rot [Stereum sithpUeatum, W. H. Long).— T)jg 
pocketed, or honeycomb, heart rot has been found on the following 



Fig. 190.- -Cross-section of a living post oak tree rotted by Folyporus sitl- 
phureus. {After von Schretik, Hermann, Bull, 14^, U. S. Bureau of Plant Industry, 
pi. iv, 1909.) 

nine species of o^tki'.Qiicrcus alba, Q. lyrata, (). marilandica, Q. MkhausH, 
Q. minor, (>. palustris, Q. texana, Q. velutina and Q, virginianaf 
The first indication of this honeycomb heart-rot in white oak is a 
slight discoloration of the heartwood, which assumes a water-soaked 
appearance, which may extend from 1 to 6 feet beyond the actual decay. 

^ Long, W, H.: A Honeycomb Heart-rot of Oaks caused by Stereum subpilecltm, 
Journal of Agricultural Research V; 421-428, Dec. 6, 1915. 
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Ijje \vater-soakefi heartwood becomes tawny in color when dry. 
ygj^t-colored , isolated areas now appear in the discolored wood and 
llieje areas originate the pockets. The rot spreads in all directions into 
(he surrounding tissue, but more rapidly in the summer wood of the 
annual ring of the preceding year, so that the bulk of the pocket lies 
jji the summer wood of one year and the spring wood of the succeeding 
vear. Delignihcation now follows in which delignified wood fibers 
appear in patches in the light-colored areas, and this delignification 
spreads rapidly until white, oval to circular pockets are formed. 
These lens-shaped pockets are at first hlled with white cellulose, which 
is later absorbed, leaving cavities. The diseased area increases in size 
jatil the pockets reach a large medullary ray, which seems to check the 
ictivitv of the enzyme, so that the larger medullary rays become the 
radial walls of the pockets. All the cellulose finally disappears, leaving 
[he pockets either (i) empty, (2) containing the shrunken white 
membranes of the included vessels, or (3) more or less filled with myce-' 
iium. The last stage of the rot is characterized by the very light and 
honeycombed nature of the wood. The pockets are longer than 
they are broad, and all of the wood has disappeared, except the thin 
walls around the pockets, which remain distinct and usually involve the 
heartwood uniformly. The rotted wood is, therefore, in the shape of a 
cylinder and there is a brownish discoloration of the heartwood on the 
outer edges of the affected area. 

The growth of the mycelium seems to be preceded by the enzymes 
which cause the disintegration of the wood. A few of the larger vessels 
show hyphai threads and these become more numerous, as delignifi- 
cation advances, until they become stuffed with small, intricately 
branched, colorless hyphs. When the hyphse are exposed to the air, 
they become brown in color. The sporophores aje found on dead 
trees, or the dead areas of living trees. The sporophores are thin 
shelving bodies formed in the cracks of the bark, sometimes assuming 
a conchate shape. They sometimes form in parallel lines, and range up 
to 5 cm. in width. These sporophores may be formed on the dead tree 
for a number of years. This fungus is widely distributed in the southern 
states and ranges as far north as Ohio. The only method of control 
is to prevent the infection of trees by eliminating forest fires, by pre- 
venting the formation of the sporophores, and the destruction of all 
diseased timber which has the rot. 
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Root-rot {Armillaria mellea, Vahi).* — The ^'hallimasch ' of the 
Germans, or the so-called honey mushroom, is a fungus o{ coti^itierabl 
interest to the forester (Fig. 15). The spores, if blown to an exposed 
branch stub, may germinate and produce a mycelium which works up and 
down the tree. Infection may be also by the mycelium growing across 
from the roots of a diseased tree to a healthy one through the soil of 
the forest. In either case, the young mycelium grows into the cambia] 
layer, attacks the living cells, and finally completely encircles tlie trunt 
of an infected tree. Later the hyphae are converted into strands, whid 
show a characteristic apical growth, thus providing for the eloirgation 
of the strands through the host. The strands of hyphae tur n a deep 
chocolate-brown color and are known as rhizomorphs (Fig. 15)^ 
may anastomose under the bark of the tree. Ultimately, as the tret 
dies, the bark splits off and the rhizomorphs are found flattened agains 
the woody cylinder of the tree. If such trees are used as mine props 
the strands may keep on growing under the moist even temperature 0. 
the mine and there they may hang down in long streamers into the mine 
galleries, as specimens of such in the botanic museum of the Univer- 
sity of Pennsylvania mdicate. The effect of the mycelium in the tree 
is to kill its top with the ultimate death of the entire tree. The 
rhizomorphs formerly known as Rhizomorpha subterranea grow out 
into the root system of the tree, which they kill, and here they maj 
live for a number of years, endangering the nearby healthy trees, 
because they extend out into the soil toward other tree roots. It is 
this subterranean growth, which makes the honey mushroom an ex^ 
tremely dangerous one to the hardwood forests, where it is found 
The fruiting bodies of this fungus usually occur grouped in considerablf 
numbers about the base of the affected tree arising from the dark-browt 
rhizomorphs, which thus serve to connect together isolated groups 0; 
the sporophores. The sporophores produced most commonly fron. 
September to November are honey -colored, i.e., yellow to orange- 
brown, and their umbQnate tops have a more or less viscid charactei 
with small black. spicules scattered over the surface. The stipes an 
slightly swollen at the base and a short distance below the pileusi 
found the ring, or annulus. The lamellae are dirtyrwhite and Iron 
each pyriform basidium four white basidiospores fall until surround 

. ^Long, W. H.: The Death of Chestnuts and Oaks due to Armillaria me!iej 
Bull. U. S, Dept. Agric. No. 89, 1914. 
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leaves and mosses may be coated with a mealy powder derived from 
the gill^ several sporophores directly over them. 

Oat (Avena saliva, Linn.) 

Rust {Puccinia coronifera, Kleb) .'—The oat rust, or crown rust, affects 
and also several other grasses. The summer stage appears on 
oats just prior to the period of ripening where it forms an elongated 
uredinium of an orange color on the leaves and sheaths. The globular 
spores germinate readily. The teliospores are formed later as black 
spots around the edge of the uredosori. As the teliospores bear at 
their apex a crown of blunt projections, or processes, the common name 
of “crown rust'' has been applied. Such winter spores remain in a 
resting condition until the following spring, when they germinate in the 
usual way. The basidiospores, which are formed from the basid- 
ium, or promycelium, begin growth on the leaves of the buckthorn, 
tiimnnl cathartica, where within eight to ten days cluster cups 
{Mcidium cathartice) appear. The sedospores germinate readily and 
are blown to the oat and other grasses, such as perennial rye grass, 
Yorkshire fog, so that at least eight forms of the species limited to 
certain hosts have been distinguished. The measurements of its spores 
areas follows: ^ciospores, orange, vermiculose, 16 to 25 ju by 12 to 2 om; 
Uredospores globose to obovate, echinulate yellow, 18 to 27/1 by 16 to 
24ji; teliospores brown, two-celled, crowned with rough projections; 
approximately 35 to 60 ju by 12 to 22 ju. 

Smut {Usiilago avencB and U. levis). The appearance of this dis- 
ease is illustrated in the figures (Fig. 19 1). 

Onion {Allium cepa, L.-) 

Smut {UrocysHs cepuke, Frost). — This fungus, probably of Ameri- 
can origin, is found in the onion growing districts of the eastern United 
States where it has been known for about 50 years. The smut fre- 
quently appears soon after the first leaf appears, and is first in the form 
of dark spots at the base of the first leaf and on succeeding leaves, as 
they make their. appearance. These spots are followed by longitudinal 
cracks, which show a granular spore powder associated with threads 
of fibrous tissue. The spore powder under the microscope is found to 
consist of the spore balls, which number several .compacted cells, the 
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central one of which contains cytoplasm, being surrouncJcil by an 
envelope of sterile cells. Such spore balls are 17 to 25^ in (iiamete; 



Fig. 191. — Smut o£ oats. A, Usiilago avenm; B, Uslilago leeis. (A fief Jadm 
H. S., Bull. 83, Del. CoU. Agric. Exper. Slat., December, 1908.) 

and may retain their capacity for germination in the soil for a period 0: 
12 years. 
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As tiie spores occur in the soi!, it is useless to treat the onion seeds 
i,^.ithchemic bodies. The most successful method of prevention is to 
the seedlings into beds known to be free from smut. Some 
growers place sulphur (loo pounds to the acre) and air-slacked lime 
(50 pounds) in the drills as the seeds are planted. 

Orange {Citrus auranthm, L.) 

Black-rot {AUermria ciiri),--On\y navel oranges arc subject to 
iMack rot which is recognised by the premature ripening, large size of 
' the fruit and its deep red color. The fungus gains entrance through 
ih navel end, because there imperfections of the skin occur. There 
soon arises a black area of decay under the peel which remains isolated 
ioT some time without spreading, therefore, the disease is not very 
virulent. In Alternaria, the conidiophores are in bundles, always 
^branched and short. The conidiospores are club-shaped to flask- 
shaped, divided and united into chains by thinner cells. 

Fruit- rot {Penicillium ilalicum, Wehm.).- A large part of the decay 
of the orange and other fruits of the genus Citrus is due to blue and 
green molds. These molds usually cannot enter uninjured fruits, and 
so their attacks usually follow a bruise occasioned by careless handling, 
or wherr the fruit falls from the orange tree. Penkillium italiam seems 
to be more common than the other species, P. di^itatuni. Pure cultures 
of this fungus can always be secured from decaying orarrges in the 
market, which have the blue-green areas of rot just beginning to appear 
upon them. These areas are usually blue-green in fhe center sur- 
rounded by white areas which are grouped usually into little while 
patches toward the vegetative margin and the whole superficial colony 
surrounded by an area of soft watery rot. Sometimes, as the colonies 
become older, P. digitatum mixes with P, italicwn. 

The conidiophores are short (loojii), or very long (600^) and black 
in media containing sugar. They average about in length. The 
fonklial fructifications are up to 300/1 or more in length, consisting usu- 
ally of a main branch and one lateral branch, each producing a whorl 
of branclilets bearing crowded verticils of conidiospores, 12 to 14^ 
by 3/1. The chains of conidiospores are cylindrlc to elliptic, slightly 
■^''atc, clear green by transmitted light and measure 2 to 3/1 by 3 to 5/1. 
Decay of this sort can be prevented by careful handling of the fruit in 
and packing house. 
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Pea {Pisum L,) 

Pod-spot {Ascochyla Lib.).— The horticulturist, who auemptj 

to grow the garden pea, will find that the leaves and pods liecome 
spotted with conspicuous, circular, sunken spots 3 to 6 mm. in diameter 
which are dark bordered, pale in the centers and slightly pinkish when 
mature. Pycnidia are associated with these spots and out of their 
porous opening under favorable conditions the spore masses may be 
seen issuing. When the leaves are affected, it is usually- the lower 
leaves which become diseased first, and such soon die. If the stems 
are attacked, the spots sometimes penetrate through the woody part. 
Different races of peas differ as to their susceptibility. The varieiv 
Alaska is slightly affected, while tke varieties American V/onder 
French June and Market Garden are frequently badly diseased. 
According to Stevens, the pycnidia consist of angular cells, 5 to 7/iwiih 
a rounded ostiole and reddish-brown surface. The conidiospores are 
constricted slightly at the septum, are oblong and measure 12 to 16/^ bv 
4 to The mycelium peren nates in affected seeds, reduces their 
power of germination and carries the fungus over to the next crop 
Selby has indicated that healthy peas may be grown by spraying with 
Bordeaux mixture, and it has been suggested, that a two years’ rotation 
of non-susceptible crops lessens the prevalence of the disease, if another 
pea crop is raised. 

Peach (Amy^dalus persica^ L.) 

Leaf Curl {Exoascus deformans (Berk.), Fckl.) (Fig. 192).— This 
disease is called by the French Cloque du pecker, by the Germans 
Krdiiselkrankheii and by Americans and English peach leaf curl, ll 
is widely distributed through America, Europe, China and Japan and 
in Africa and Australia, so that it is practically cosmopolitan. 

The disease is most prevalent and most disastrous to the leaves and 
tender shoots of the peach, when the spring months are damp and cool, 
for records show that such conditions prevailed during April of the 
year 1893, 1897 and 1899, when peach leaf curl was especially abundant 
in Ohio and New York. Warm and relatively dry springs seem to be 
unfavorable to its occurrence. The susceptibility of the host plants 
differs to a marked extent, some being susceptible, others less so. 

The presence of the disease may be detected when the leat buds 
unfold, for the coloring of the young leaves is heightened, and as they 
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open out, the curling and arching of the blades become manifest, 
-file curling may be confined to a small portion of a leaf, or it may be 
general and all of the leaves of a tree may be affected, as well as the 
iyoung stem on which they are found. The green, or reddish, color of 



Fig. 152. — Peach leaves deformed by leaf curt {Exoascus defortnans). {After Iltald, 
F. D., Bull 135 {Set. Ser. 14). Univ. of Tex., Nov. 15, 1909.) 

tile leaves is lost as they mature, and they become pale, or slightly 
(Ikoforcd. Diseased shoots may grow to twice their normal diameter 
assume a characteristic ‘ paleness. The diseased leaves finally 
turn brown and drop o2 the tree, and if this defoliation is excessive 
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the crop of peaches may be nil. The twig affection is 
associated with gummy exudations, particularly when the enlargeiae^ 
is terminal. It is doubtful whether the mycelium perennaies in th 
twigs, as was supposed in former years. Infection must generalH 
occur as the buds unfold. 

The mycelium of the fungus may be studied most advantageoush 
in the leaf before the fungus has appeared on the surface. At that limt 
the hyphffi show a greater protoplasmic content and sections revea 
the fact that the intercellular mycelium is distributed through th 
mesophyll and cortex of the young stems. Pierce distinguishes vege 
tative hyphae, distributive hyphge and fruiting - hyphse. The ]ait^ 
push up between the epidermal cells and a series of short hyphal ceil 
are formed, as ascogenous ceils, which form an almost continuous lave 
beneath the cuticle. The ascogenous cells give rise to the asci, 'whid 
push through the cuticle. An ascus is usually truncate at the expose, 
end and it gives rise to four to eight ascospores, which may bud wilhi 
the ascus. 

Leaf curl may be controlled by the use of lime^sulphur solution 
(i -20), Bordeaux mixture (5-5-50) and copper sulphate in water 
(2-50), for the use of which the practical man is referred to the sprav 
calendar given in the subsequent pages of this book. 

Pear {Pyrus communis L.) 

Fire-blight (Bacillus amylovorus (Bun.), De Trev. Toni). —This 
bacterial disease is found on the apple, pear and quince, but more 
especially on the pear, so that it has been termed pear blight. It was 
first reported from the northeastern United States, but now it is dis- 
tributed throughout the country from the Atlantic to the Paci& 
oceans. The disease first makes its appearance in the early part of tk 
season, when it appears in the form of a twig blight throughout the time 
of blossoming of apples and pears, when the blossoms and tips begin 
to wilt and show signs of blackening. This results in the complete 
blackening and death of all the short branches, or spurs, upon which 
flower clusters have been borne. The fire blight disease may continue 
to extend down the twig, or the branch, the branch being entirely 
killed, as it progresses. Under conditions more favorable to the host 

^ Orton, C. R. and Adams, T. F. : Collar-blight and Related Forms of Fire 
blight. Bull. 136. Penna. Agricultural Experiment Station August, 1915- 
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the blight may extend only a short distance, which results in tip prun- 
ing. The bark of the tree indicates the progress of the disease, for 
the soft bark assumes a water-soaked appearance followed by a blacken- 
ing and shriveling. When the organism ceases to spread rapidly in 
the tissues, there appears a sharp line of separation between the dead 
and the healthy tissues. The bark is broken and through the bark 
cracks appear gummy, or gelatinous, drops which vary in color from 
white to brown, or black. 

Bacillus amylovorous was described first by Burrill in 1877, a dis- 
covery full of significance' to plant pathology, because it established 
the first bona fide case of a plant disease due to bacteria. It has been 
established, that infection takes place through the visits of insects, 
especially bees, to the pear flowexs. From the floral nectary, the 
bacillus spreads to the softer tissues of bark and cambium, where 
it is very largely confined, and where it winters over, spreading to 
other blossoms the next spring. Bacillus amylovorus is an oval 
microorganism to 2^1 long, growing singly, or several attached 
end to end, and is motile in fresh cultures. On agar, the cloudy 
and white surface colonies appear the second day, and attain a di- 
ameter of 2 to 3 mm. by the fourth or fifth day. Cloudiness appears in 
bouillon after twenty -four hours, and in milk, thickening of the medium 
begins at the third or fourth day, which increases until the fifth, or 
sixth day, when the product is finally partially gelatinous with a clear 
acid liquid above, changing to slightly alkaline. 

The work of Waite has shown that pear blight can be cenlrolled 
by pruning out the blight during winter, so as to eliminate the source 
of infection during the next year, and if this priming is done thoroughly, 
the disease can be kept in check. The stubs should be disinfected 
«'ith corrosive sublimate (i 100). 

Pine {Pinus spp.) 

Blister-rust {Cronartium ribicohtm, Fisch & Waidh. = Peri- 
dermium strobi, Klebahn).^ — This disease, as it appears on white pine, 

'Spauldino, Perlev: The White Pine Blister Rust Situation, American 
forestry 22, pp. 137-138, March, IQ16; The Blister Rust of White Pine, Bull. 306, 
t'- Si. Hureau Plant Industry, 1911; also consult .\mcrican Forestry. Feb., Mch., Dec.. 
•9^6. In the December, 1916, number a map showing the distribution of the 
disease is given, A conference w^as held at Washington in January, iqt;, to 
consider the establishment of stricter quarantine regulations of the methods of 
checking the spread into Lhe western states. 
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has been considered to be of such great importance, that strict quaran 
tine regulations were established in order to keep it out of the country 
but the result of a thorough exploration of the New England States 
during the summer of 1916 has shown its general distribution through, 
out them and even as far west as Minnesota. It appears to have been 



Fig. 193. — White pine blister-rust, Cronarlium rihicola. A, Diseased tree with 
secial blisters broken open from which spores are blown to currant or gooseberry 
leaves; B, D, teliosori on under leaj surface of currant, Ribes. {From Gager, afkr 
Perley Spaulding.) 

introduced into America on nursery stock from Holland, and all ihe 
trees in these advanced posts of infection have been destroyed. In 
19065 there was an outbreak on currants at Geneva and measures were 
taken to destroy the fungus in that vicinity. The accidial stage, known 
as Feridermium strobi, appeare on the pine tree and the uredinia and the 
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tclii species of tHe genus. Ribes^ viz., R, durcunt) R. ntgfufnf R, 
with which intermediate hosts <it does little damage. The 
susceptibility of different currants varies considerably (Fig. 193). 

Xhe attacked white pine trees are stunted, the tops show a bushy 
gjQwth and the part of the tree where the mycelium occurs is swollen. 
The leaves of the currant infested by the fungus are thicker in texture 
jud assume a different color. The aecidia are erumpent from the bark 
jn the form of a bladder with an inflated peridium about one centi- 
meter high and yellowish- white. The spores are roundish, or poly- 
gonal, coarsely verrucose, orange in color and measure 22 to 29/i by 18 to 
20/*, The urediniospores form orbicular groups surrounded by a delicate 
peridium which opens at the summit with a pore. They are ellipsoid 
to oho void in shape, echinulate, orange and their dimensions are 
21 to 24/i by 14 to The smooth teliospores are crowded along the 
veins of the leaf. They are orange to brownish-yellow, 70/bi long by 
2i/i broad. 

This serious disease may be controlled by the destruction of the 
hosts, namely, the currant and gooseberry bushes especially in the wild 
state. This disease threatens the extinction of all the species of five- 
leaved pines including those of the Pacific States, such as sugar pine, 
Pirns lambertiana. 

Red-rot {Polyporus ponder osus, H. von Schrenk). — The red rot of 
the western yellow pine {Pinus ponderosa) usually starts in the tops of 
the “black- top” trees, i.e., trees which have been dead for two or more 
years. At one or more points, one will find that the wood immediately 
under the bark starts to rot and the rot proceeds inwardly to the wood 
which becomes wet and soggy, and rapidly becomes brittle, so that it 
crumbles into small pieces when rubbed. The color of the wood changes 
to blue and later to red yellow. \Vhen the decay has gone on for 
some time, bands and sheets of a white felty substance consisting of 
mas.ses of hyphae are found filling certain cracks which result, because 
of shrinkage in the wood mass. The destruction of the wood continues 
until the heartwood is reached. 

Red-rot is caused by a higher fungus which enters the tree through 
beetle holes made into the dead cambium of the wood killed by the 
“blue ” fungus which precedes the red rot. When the wood has been 
completely destroyed red-rot fungus forms its sporophores which begin 
to grow out from the mycelium, as flesh-colored knobs, which rapidly in- 
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crease in size and turn reddish in color, assuming the form of a bracket 
or shelf. The lower surface -is beset with pores, or tubes, on the 
walls of which the spores are borne. This bracket fruit may 



Fig. 194, — Black-knot of plum, 
Plowrighiia morbosa, on cultivated 


many years, and it adds a ring on the 
outside when new growth com- 
mences. The fruit bodies may occur 
singly or in groups of two or three 
together. They are rough on top 
and appear to be covered with a waxv 
substance, which has hardened and 
cracked. It is brittle and readilv 
soluble in alcohol and xylol. The 
lower surface is smooth with regular 
pores. 

Plum {Frumis americana, Marsh) 

Black-knot {Plowrigktia morbosa 
(Schw.), Sacc.).— The black knot 
was at first mainly confined to the 
New England states, but it now ex- 
tends across the northern Enited 
States to the Pacific coast with 
areas free from the disease in tk 
middle west and southwest. Several 
species of plums and cherries are sus- 
ceptible. 

The disease appears as wart-like 
excrescences on the smaller and 
larger branches of plum trees (Fig. 
194) which it either surrounds com- 
pletely killing the terminal part oi 


plum, Cold Spring Harbor, L. L, July 
26. 1915- 


the branch, or only part way round 
when the branch continues living 


and fruit-bearing (Fig. 194). The common name is well given, because 


^VON ScHKENK, HERMANN: The “Bluing” and the Red Rot of the Western 
Yellow Pine, with Special Reference to the Black Hills Forest Reserve. U. S. Bureau 
of riant Industry Bull. 36, 1903. 
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hypertrophies are black in color. The knot begins as a slight 
of the branch, and as, the swelling increases in size the bark 
is cracked (Fig. 194). 

The mycelium of the fungus occupies the cambium and bast areas 
flf the stem, extending throughout the cortex also. The knot consists 
fit dense areas of the fungus and tissue elements of the host. Bast 
libers, parenchyma cells and even vessels may be found in the gall 
tissue. Tn the spring, small greenish areas may be noticed on the 
surface of the knot, and later, the hyphae break through the bark in 
ail tlireclions and form a pseudoparcnchymatous layer. This stomatic 
layer gives rise to the conidiospores, which are flexuous and septate. 
The conidiophores are 40 to 60 ju by 4 to 5 and the conidiospores 
ahstricted off are light brown in color. Conidiospores are formed 
from Spring to late midsummer. They are simple and light brown 
in color. The fungous stromata is covered with papillae which locate 
the opening of the peritheda which include the asci with eight asco- 
jipores, that ripen during midwinter, or later. Kach ascus is 120^ in 
length and the ascospores measure 16 to 20/ji by 8 to lo/i. Between 
the asci are paraphyscs. 

Since the conidial stage is produced during late Spring and early 
Summer pruning out the developing knots is found an efficient remedy 
ill most cases against black knot. 

Plum Pockets {Exoascus Fruni, Fckl.). — The plum pocket fungus is 
widely distributed over the United States and Europe and its etiology 
of the disease it produces is somewhat similar to that of the peach leaf 
curl. The mycelium lives in the flower buds and causes remarkable 
changes in the ovaries, as they develop into fruits. The hyphas are 
found in the mesocarp, the cells of which are stimulated to form a 
spongy growth, so that the plum fruit becomes swollen and somewhat 
distorted. As a result of the fungus attack, the endocarp which nor- 
mally would develop a putamen, or stone, fails to do so, and no stone, 
or seed, is formed, but in their place a cavity appears which gives the 
common name to the disease. The mycelium is probably perennial in 
the twigs of the plum tree and is, therefore, in a position to grow out 
into the young ovaries of the next succeeding crop of flowers. The 
ascogenous cells develop beneath the cuticle of the well-formed fruits 
and finally rupture the latter, appearing as a velvety layer. The asci 

30 to 6o|u by 7 to i2g, although Robinson botes a certain dimor- 
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phism of the asci where these figures vary. Each ascus contaii^s eighi 
ascospores which measure 4 to 5/4 (Fig. 42). 

. Potato {Solatium tuberosum^ L.) 

Late-blight {Fhyiopkthora infestans^ deBy).— Historically, this ij 
one of the most interesting of fungi,, for in 1845 tbe poiatc crops 
of the British Isles, especially Ireland, were decimated by the late 
blight to such an extent as to cause a severe famine in Ireland. This 
famine caused the emigration of hundreds of thousands of people from 
the Emerald Isle to America and the British parliament in order to 
alleviate the distress of the poor repealed the corn laws, and thus 
began the free trade policy of that country. 

Formerly, it was thought that the potato disease was distributed 
widely in America, but it is now known to be most prevalent in New 
England, in New York and the Canadian provinces, where the potato- 
growing industry is an important one. It has a wide range in Europe 
and is known throughout Great Britain and from France to Russia 
being especially favored, as it was in 1845, by warm damp weather in 
the summer months. 

The disease is characterized by leaf spots which first appear at the 
margin, or apex of the leaf, and spread over its surface until the 
leaf presents a dark somewhat water- soaked appearance. These spots 
are brown in drier 'weather and in all cases a withering of the leaf fol- 
lows the attack of the mycelium. The disease is known as dry-rot, 
when it develops in the tubers, for the hyphae enter the cells, as haus- 
toria kill the cells, and the condition of the tuber known as dry rot 
is produced, which may he found especially in the stored tubers. 

The hyphae of the late-blight fungus are unicellular and they spread 
through the intercellular spaces of the host sending filamentous haus- 
toria into the cells of the leaves, or tubers. From this internal myce- 
lium, long branched (dendritic) conidiophores grow out through the 
stomata and the branches bear either laterally, or apically, egg-shaped 
conidiospores, which measure 2 7 to 30/1 by 1 5 to 20/1. The conidiospores 
on germination form eight bicUiate zoospores, which are motile for i 
brief time perhaps not longer than an hour. If one of these swarm 
spores finds its way to a leaf, germination speedily follows and the 
hyphal germ tube enters the interior of the leaf either through a 
stoma, or by boring a hole through the epidermis. 
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Xlu germ tube of the swarm spores penetrate the tuber, as easily 
as the leaf, if they happen to be washed down to the soil. Recently 
Q p. Clinton^ has discovered the oogonia, antheridia and oospores of 
if^€st(Sit$ after they had been sought for by mycologists 
since 1845, and thus an American mycologist has added one more 
achievement to the list of important work accomplished by American 
scienlilic men. 

Spraying the foliage .with Bordeaux mixture (5-5-50) has proved 
aa almost complete remedy against both the Pkytophthora blight and 
the rot, and also operates beneficially to the potato plant in other ways. 
Burying the tubers to a sufficient depth (about 4 to 5 inches) has been 
found beneficial, as also the disinfection of the tubers designed for seed 
purposes by exposure to dry heat 4o°C. (104"^.) for four hours. Tuber 
infection may be prevented by spraying the soil, even when the fungus 
is allowed to develop unchecked on the foliage. When the tops are 
attacked by late-blight, the harvesting of the tubers should be delayed 
until a week or more after the death of the tops. Longer delay does no 
harm, unless the season be wet and the soil exceptionally heavy. Dry 
cool storage is of primary importance, the use of lime, or formalin, for 
disinfection being valueless.^ It seems from investigations, that have 
been made, that well-marked and fixed differences exist among potato 
varieties in relative susceptibility to invasion by the late-blight fungus, 
in other words, in disease resistance. 

Powdering Dry-rot {Fusarium trichothecioides WoHenw.). — This 
fungus kept in artificial culture has been used successfully in the artifi- 
cial inoculation of potato tubers, as laboratory exercise with univer- 
sity students in mycology. In every case, the rot has been secured and 
the students have imbedded pieces of tuber and fungus in paraffin; 
cut the same with a rotary microtome and mounted and stained the 
sections for microscopic study. 

Fusarium trichothecioides forms two kinds of conidiospores: (i) The 
comma type, formed as a slightly curved comma ellipsoidally founded 
on both sides; and (2) the normal macro conidiospores. The plecten- 

‘ Clinton, G. P.: Oospores of Potato Blight. Report of the Connecticut 
Agricultural Experiment Station, 1 909-1 910: 753-774 with 3 plates, 

^ Jones, L. R., Giddings, N. J. and Lutman, B. F. : Investigations of the Potato 
Fungus, Phytophthora infestans. Bull. 245 U. S. Bureau of Plant Industry, 
1912, with full bibliography; Melhus, I. E., Hibernation of Phytophthora infestans 
<if the Irish Potato. Journ, Agric. Research V: 71-102. 
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chymatic mycelium and conidial masses are rosy white. The {)owdery 
dry-rot with pink mycelium-lined cavities is quite characteristic and 
not easily confused with the other species of Fusarium found on 
potatoes.^ 

Scab {Actinomyces chromogenes ). — This scab disease is one well- 
known throughout the United States and also in Europe, although 
all the cases of scabby potatoes are probably not due to this fungus 
as a causal organism. Turnips, beets and .mangels are susceptible 
to the disease while carrots and parsnips are not. The first symptoms 
of the disease are minute reddish-brown spots on the surface of the 
tuber beginning usually at one of the lenticels of the tuber and spread- 
ing rapidly to other tissues, assuming a deeper color and an abnormal 
corky development over considerable areas. Thus arise the scab-like 
crusts which have given the common name to the disease. The surface 
of the tuber frequently becomes cracked to considerable depths. If 
scabby potatoes are examined immediately after being gathered a hue 
grayish, evanescent film will be found consisting of extremely delicate, 
minute, refractive, branched filaments, which break up into bacteria- 
like cells. Some branches are curved and structures suggesting true 
spores are produced in certain cells. The writer has found the fungus 
as minute white specks on horse manure. It has been found to 
persist in the soil for several years. 

The disease can be controlled by soil treatment, by the adoption of 
a rational rotation of crops and by planting seed tubers only after they 
have been treated for several hours with a solution of i ounce of 
formalin to every 2 gallons of water, or by a solution of corrosive 
sublimate in water. 

Raspberry (Rubus occidentalism L.) 

Anthracnose {Gleeosporium veneiumm Speg.). — As this fungus pro- 
duces injuries to the raspberry and blackberry canes, it was called by 
Burrill, who published the first account of the disease in 1882, the “rasp- 
berry cane rust.” It is known to occur in New Jersey, Illinois, Texas, 
Wisconsin, Missouri and other states. 

The fungus attacks both fruiting and non-fruiting canes, or suckers, 

^ Carpenter, C. W.: Some Potato Tuber-rots caused by Species of Fusariiun 
Journal Agricultural Research V: 183-209, Nov. i igiS- 
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producing small purple spots that are variously scattered along the 
cane. formed rapidly increase in size, and as the 

iungus develops the center of each becomes grayish-white in color sur- 
rounded by a slightly raised, dark-purple border, separating the 
healthy from the diseased tissues. The disease progresses in an up- 
ft-ard direction and as the advanced stage of the malady is reached, 
the spots coalesce. The greatest injury is to the cambium, so that 
the living tissues of the cane become sickly, the leaves do not attain 
half iheir normal size, the fruit ripens prematurely, or dries up as 
worthless. The petioles of the older leaves may be attacked and later 
the veins of the leaves which show whitish, blister-like spots. The 
spots on the lamina are smaller than on the canes. 

The mycelium lives in the intercellular spaces of the host, but is 
supplied from the neighboring host cells with nutritive materials. 
There is at first a slight discoloration of the cell contents, the cells 
then lose their shape and finally collapse. The conidiophores are 
formed beneath the epidermis of the host and later appear at the 
surface bearing the conidiospores, which are surrounded by a gelatinous 
substance. Pruning away the diseased canes and burning them in a 
brush heap is the most important means of controlling the raspberry 
anthracnose. Spraying early in the season with Bordeaux mixture 
(4-4-50) is useful, although not an absolute preventive. 

Red Gum {Liqtiidambar slyracifluay L.) 

Sap-rot {Polystictiis versicolor (L.), Fr .). — Polysticius versicolor is 
one of the most cosmopolitan species of fungi known. It is known from 
Europe, Africa, Australia, South America, Mexico, Japan, the West 
Indies and throughout the United States. It grows on the sap wood 
of every species of deciduous tree known. It is the most serious of all 
the wood-rotting fungi, destroying probably 75 per cent, of the timber 
used for railroad ties. A broad sheet of mycelium covers the entire 
surface of the timber on which it grows, but it develops in the wood, 
especially the sapwood, in which decay takes place with great rapidity.^ 
There is a rapid solution of the various parts of the woody structure 
for the fungus has no preference for either the lignin, or the cellulose 

^Stevexs, Neil E.: Polystictus Versicolor as a Woynd Parasite of Catalpa. 
%cologia, vi: 263-270, Sept,, 1912; see Ante p. 75. 
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parts of the cell wall, and the parts of the springwood fall apart readily 
because of their porous character. The fruiting bodies of this fungus 
are extremely variable depending upon the kind of wood on which they 
grow. The sessile sporophores may grow singly, or, more usually 
many of them together, forming a series of closely overlapping brackets 
They are readily recognized by the soft, hairy upper surface with bands 
of white and yellow color, although these colors are variable. The 
young sporophores are fleshy, but become leathery with age. Their 
lower surface is white and the pores are minute and regular. Treat- 
ment of the wood with chemic preservatives has been found efficacious 
in preventing the attack of such fungi as Polystictus versicolor, and 
most of our large railroads have machinery where the steeping of 
the ties in chemic preservatives can be accomplished quickly and 
inexpensively. 

Rye {Secede cerale, L.) 

Ergot {Claviceps purpurea, Tul.) (Figs. 56 and 57). — The ergot fun- 
gus is found on rye both in America and Europe, where during wet 
warm weather it may be extremely prevalent. It gains entrance to the 
host at the base of the young ovary penetrating the ovary wall and 
gradually replacing the tissues of the rye ovary. This is accompanied 
by an enlargement of the ovary which at its upper end presents a some- 
what spongy character. This is due to the outgrowth of the mycelium 
in the form of twisted strands, the marginal hyphae of which acting 
as conidiophores abstrict off conidiospores. This early stage was 
known as the Sphacelia stage. Later, as the time for the maturing of 
the healthy grains arrives the diseased ovaries will be found to be re- 
placed by bluish-black horn-like bodies which project conspicuouslj 
from between the glumes of the rye splkelet. The rye ovary is re- 
placed by a hard body with a blackish surface and white interioi 
known as the sclerotium. The ergot spurs, or sclerotia, perennatea* 
such until the following spring, when they send up one or several 
outgrowths, or stroma, with a knob-like end of a yellowish-brown color 
In the hyphal tissue, which comprises the knob-like portion of tlif 
stroma, flask-shaped perithecia are formed with short necks anc 
slightly protruding os tides. The asci contained in these peritte 
are elongated and contain eight needle-shaped ascospores, whicl 
measure 60 to 70A in length, and issue from the tip of the ascus h 
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^ opening. These ascospores bud off conidiospores, which are 
capable of infecting the ovaries of rye plants, which have started their 
growth toward maturity the following season. 

The ergot spurs are used medicinally under police regulations, for 
^ey are dangerous and poisonous. In the Baltic provinces of Germany 
and Russia, the peasant class frequently eat bread made out of flour in 
which ergot spurs have been ground. They suffer from gangrenous 
aflections of the extremities with a loss of the hair, teeth and finger- 
nails. A nervous form of ergotism has also been prevalent. Cattle 
eating ergo ted grain show similar gangrenous and nervous symptoms, 
the loss of hoofs, tails and horns. 

Ergot can be controlled to some extent by the selection of the grain 
seed and by removal of all ergo ted masses, when detected in the 
fields, 

A closely related species, Claviceps microcephala (Wallr.), Tul., was 
submitted to the writer by the late Dr. Leonard Pearson on red-top 
liay, which had been responsible for gangrenous affection of a herd of 
cattle in Pennsylvania. 

Sweet Pea {Lathy rus odoratus, L.) 

Streak {Bacillus latkyri, Manns & Taubenhaus). — This disease had 
bccR noted by the growers of the sweet pea in England, and recently, 
it has been detected in the United States.^ Like the bacteriosis of 
beans, streak makes its appearance in the season of heavy dew. On 
the sweet pea, the disease usually appears just as the plants begin to 
blossom; it is manifested by light reddish-brown to dark brown spots 
and streaks (the older almost purple) along the stems, having their 
origin near the ground, indicating distribution by spattering rain and 
infection through the stomata. The disease becomes quickly dis- 
tributed over the more mature stems until the cambium and deeper 
tissues are destroyed in continuous areas, when the plant prematurely 
dies. From the stems the disease spreads to the petiole, peduncles, 
flowers and pods with symptoms similar to those on the stems. On the 
leaves, however, the disease appears as small roundish spots, which 
gradually coalesce, and eventually involve the entire leaf, which when 

^Taubenhaus, J. J.: The Diseases of the Sweet Pea. Bull. io6. Delaware 
Agricultural Experiment Station, Nov., 1914, 
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killed presents a dark-brownish appearance. If the causative organ, 
ism, which is a small rod-shaped bacillus, is sprayed upon the sweet 



Fig. 195, — Sweet-potato black 
rot produced by a fungus, Sphcer- 
oncma fimbriatum. {After Harter, 
L. L., U. S. Farmerf Bull, 714, 
March ii, 1916.) 


pea plant, the disease makes its ap- 
pearance from seven to ten days 
after artificial infection and the 
symptoms are similar to those pro- 
duced in nature. The bacillus is 
rarely found in chains and seldom 
united in twos or fours. Its flagella 
are not easily demonstrated, as they 
are shed so readily that not more 
than two to five may be stained 
and these are generally quite short. 
If properly fixed and stained, verv 
long delicate flagella may be dem- 
onstrated, 8 to 12 in number, and 
peritrichous. 

Sweet Potato {Ipomwa batatas), 
Poir) 

Black-rot {Sphe^ronema fmbmk 
(Ell. & Hals.), Sacc.). — We owe our 
past knowledge of this disease to 
Halsted, who in 1890 described this, 
as well, as other diseases of the sweet 
potato. It is a seed-bed disease, a 
field disease and a storage trouble. 
It is characterized by irregvthr hard,, 
dark areas, or circular spots, varying 
in size from that of a dime to that of 
a silver dollar appearing on the skin 
of sweet potatoes (Fig. 195). If the 
root is injured, the fungus follows 
the line of injury. The sprouts are 
dwarfed and the foliage turns yel- 
low. The end of the hank is black- 
ened and charred and this is asso- 


ciated with a withering of the leaves which become black and crisp. 


detailed account of specific plant diseases 549 

frequently, the stems and petioles are affected and black areas appear 
on them. In the field the appearance of black girdling lines between 
two leaves is an indication of the disease. The part below the black 
line remains healthy, while that above wilts and dies. Stem infection 
is not always associated with root infections. 

Xhe black-rot parasite lives skin deep on the roots extending only 
to the cambial layer, while in infected stems, leaves and rootlets, it 
invades all parts. The hyph® are septate and the cells are filled 
with oil globules. They are capable of breaking up into as many spores 
as there are cells, and these spores are denominated chlamydospores. 
Olive-brown conidiospores are also formed and these are cut off from 
terminal, or lateral branches. The pycnidia are formed -within the 
diseased areas, and they can be had in artificial cultures. They are 
ilask-shaped with extremely long necks. The pycnospores are more or 
less subglobose, or oblong, hyaline and measure 5 m to g/x in length. The 
mycelium, which has developed to a considerable extent on the root, 
may develop sclerotia of a large size by which the fungus perennates, 
and it may also live over on stored roots and pieces of roots left in the 
field. Pure cultures of the fungus are not difficult to obtain. Tt 
grows well on any starchy medium, such as sweet and white potato 
cylinders and on bean agar. As to the spread of the fungus, various 
mites, as well, as watering the plants, help to distribute the pycnospores. 
Roots attacked by the black rot fungus have a bitter taste. ^ 

The disease can be controlled by the careful selection of seed 
roots and by a judicial rotation of crops. 

Sycamore {Platanus occidenialis, L.) 

Blight {Gnomonia veneta (Sacc. & Speg.) Kleb.). — Within the last few 
years in southeastern Pennsylvania, the sycamore, or plane trees have 
been visited in the spring, when the young leaves are about half 
developed, by attacks of this fungus, so that the young leaves appear 
as if destroyed by early frosts. It is sometimes very disastrous, es- 

^ Wilcox, E. Mead: Diseases of Sweet Potatoes in Alabama. Alabama Agric. 
Exper. Stat. (Auburn) Bull. 135, June, igo6; Taubenhaus, J. J. and Manns, 
Tnos. F. : The Diseases of Sweet Potato and Their Control, Delaware Agric. Exper. 
Stat. Bull. 109, May, 1915; Taubenhaus, J. J.: The Black Rots of the Sweet 
Potato. Phytopathology III: 159-165, 
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pecially in low-lying country, as along stream banks, or in closed-in 
valleys. Whole trees are practically attacked, the young leaves turn 
brown and then they begin to wither and finally curl up into a brittle 
mass. It also produces spots on the leaves of the white, black, and 
scarlet oaks. 

Until the life history of this fungus was fully known, it was con- 
sidered as three distinct of imperfect fungi by the older my. 
cologists. The fungus known as Glceosporium nermsequum represents 
the stage, which appears upon the. leaves in the form of pustules, or 
acervuli, especially localized upon the veins of both the upper and 
lower leaf surfaces. Ovate conidiospores measuring lo to 15/;! X 4 to 6 il 
are formed upon small colorless conidiophores. 

The acervuli measure too to 300/r in diameter and in moist weather 
the numberless spores are ejected in creamy masses, or strings. The 
same stage was known on the twigs by the generic name of Myxosporium. 
The Sporonema stage is represented by the pycnidium, which develops 
from the stroma of the fungus and the interior of the pycnidium is 
lined by inwardly projecting conidiophores, which abstrict pycnospores. 
The ascigeral stage is found on old leaves that have remained over 
winter in the open, and it may aj^ear in late winter or early in the 
spring. The perithecia are not uniform in size, for we find them 
measuring in diameter from 150 to 250/i with a beak 50 to loopi long. 
The broadly clavate asci are bent at right angles near the base. They 
have a thickened apex, a terminal pore with a surrounding refractive 
ring and bear invariably eight hyaline two-celled elliptic ascospores. 
The two ascospore cells are unequal in size, the larger of the two giving 
rise to a germ tube. 

Application of the 5-5-50 Bordeaux mixture to young shade trees 
and to nursery stock assists in controlling the disease. 

Tobacco {Nicotiana tabacum, L.) 

Root-rot {Thielavra hasicola, Zopf).' — This fungus is found on a 
great variety of host plants and its growth on the roots of tobacco 
may be taken as illustrative. It is found in the eastern United States 
and in Europe from England to Italy, Roots attacked by this fungus 
do not develop normally and the roots may be so injured, that if the 
plant is pulled out of the soil everything will remain in the soil except 
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brokert stub of the main root system. Nature attempts to repair 
the dataage in the tobacco by the formation of a cluster of new roots, 
so that affected plants may not be killed, but remain in the stunted 
form (Figs. 196 and 197). 

The intercellular mycelium is septate, hyaline at first and consists 
of narrow hyphae. The fungus produces three kinds of spores, which 


I 




Fic. iq6. — Tobacco roots affected by rot (Thidavia basirola). i. Inoculated a(. 
two months; 2, diseased root from field. (A/ler Gilbert, W. W., BuU. 158, U. S. 
Bureau, of Plant Industry, 1909.) 

are according to Duggar (i) endosporous conidia, which are formed in 
chains in terminal branches, or clusters of branches. They are formed 
hy basipetal septation, as short cylindric cells within the branch. 
The tip of the branch is broken off, and they are pushed out by osmotic 
force, so that the branch has served as a spore case. The hyaline 
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etidosp^^res measure 10 to 20^ by 4 to (2) Another kind of spore is the 
jljick-walled cblamydospore which is cylindric in shape, borne in chains 
and measures about i2/t in width. (3) The third kind of spore is the 
ascospore, which is borne in evanescent asci in simple peri Lhecia. The 
j^scospores are unicellular and measure about 12^ by 5/1. 

To check or control the disease sterilization of the soil has been 
practised. All diseased roots about the place should be destroyed by 
fire. 

Timber 

Decay {Siereum frusfulosum (Pers.), Fr.).— The fruit bodies of this 
fungus appear as slightly raised gray spots thickly placed on the 
surface of wood and timber (Fig. Sg). The fruiting bodies are 2 
to 5 mm. in diameter. The action of this fungus on structural wood is 
characteristic, as it forms pocket-Uke areas in the decaying, wood, 
causing changes in the wood fibers. The holes are more or les.s leii' 
licular and are isolated from each other by the sound wood. Layers of 
white cellulose fiber line the margin of the hole. 

Other decay producing fungi are punk fungus, Fomes igniarius 
(Figs. 198, 199, 200) and hedgehog fungus, Hydnunt erinaceus (Fig, 
201). 

Dry-rot {Merulius lacrymans, Schum,). — The dry-rot fungus (Der 
Hausschwamm) is one of the best-known and most destructive of wood- 
deslroying fungi. For many years, it was claimed, that It was purely 
domestic found only in connection with the structural wood-work of 
houses and buildings, but Hartig drew attention to the fact, that it 
probably exists occasionally in a state of nature. Professor von 
Tubeuf sums up the evidence of Hartig^ and a number of other observers 
in this statement: “Hausschwamm ist bisher ganz auffallend selten, 
direkt als botanische Raritat, im Walde gefunden worden, Die 
wenigen Funde, welche bis jetzt bekannt wurden, sind nicht etwa in 
urwaldahnlichen Forsten gemacht, sondern in der Nahe der mensch- 
Ikkn Kultur; .in sokhen Waldern, die in der ?^ahe grosser Stadte 
liegen, oder an Orlen in der N^he von Waldhausem und von Wegen, 

^ Mez, Da. Carl: Der Hausschwamm und die iibrigen holzzerstbrenden PiUe 
der menschlichen Wohnungen, Dresden; 1908, page 260; Moller, Dr. A.; Haus- 
schwamra forschungen im amtlichen Auftrage. Jena, Band i, 1907; Band ii, 1909; 
2atid iii, 1909. 
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Fig. 198. — ^Aspen tree with several sporophores of Forties igniarius. {Afier w« 
Schrenk, Hermann, Bull. 149, U. 5 . Bureau of Plani Industry, 1909.) 
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ju derei; Anlage bearbeitetes Holz verwendet wurde, kann die Mdg- 
jichkeit der Veischlfppung des Hausschwamms in den Wald., nicht 
Ijestritteii werden.” To this wild form, the name of Merulius Silvester 
]ias been given. The domestic form of the fungus MeruHus lacry- 
is an obligate s^rophyte. The spores fall upon the exposed end 
of a board, b^arin, joist, rafter, wooden column, or flooring, which may 
in contact with, or resting on, a stone foundation, brick wall, or 



Pig. 199. — Cross-section of the trunk of a living silver maple rotted by Fames 
ijntonwj. {After von Sckrenk, Hermann, Bull. 149, U. S. Bureau of Plant Industry, 
pi. a, 1909.) 


earth, which is slightly damper, if not in dry weather, then during 
eainy, than the more protected part of the same piece of structural 
wood. Here the spore germinates and produces a mycelium, which 
grows inside the wood from which it abstracts the proteins necessary 
for its growth (Figs. 88 and . 89). At the same time, it dissolves the 
coiiiferin and cellulose of the cell-walls, and leaves behind a brown 
residue consisting of lignin, tannin and oxalate of lime (Fig. 88) 
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Fig. 200. — Cross-section of a living aspen tree rotted by Fames igniarius. {Afk. 
van Schrenk, Hermann, Bull, 149, U. S. Bureau of Plant Industry, pi. ii, 1909,) 



Fig. 201. — Cross-section of a living white oak tree decayed by Hydnum 
naceus. {After ww Sekrenk, Hermann, Bull. 149, U, S. Bureau of Plant Industf) 
pi, vii, 1909.) 
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So long as sufficient moisture is present, these substances enable the 
^'Qod to retain its original v^elume, but whenever water is withdrawn 
ihe wood becomes traversed by numerous fissures running at right 
angles to each other, and frequently, it breaks up into regular cubes 
readily crumble away, if rubbed, or compressed, and a brown 
punky substance is the result of the destructive attack of the mycelium. 

When the opportunity is presented for the mycelium to develop 
vigorously outside the nourishing substratum, it forms especially on the 
side of the joist or board, which is facing a moister air-still chamber, as 
under a porch floor, or the interior of some conduit (electric or other- 
wise), a skin-like layer which often attains large proportions. In other 
cases, it may fill cracks, or other cavities. If a microscopic examina- 
tion is made of the hyphae of the dry-rot fungus, they will be found of 
several kinds showing clamp -connections (Schnallenbildungen), the 
formation of oidia and the anastomosis of hyphae that come in contact. 
The hyphal cells are multi-nucleate. Three kinds of structural hyphae 
are discernible, viz., the ordinary thin- walled hyphae, the water-con- 
ducting hyphae of larger size and thicker walls, and the sclerenchyma- 
!ike hyphae with very much thicker walls than the other two. The 
function of the water-conducting hyphae will be explained, if we examine 
the sheet-like mycelia, which cover at Limes the surface of structural 
wood. Such a mycelium will be found covered with drops of extruded 
water like tear drops (hence lacrymans > Lat. lacryma, a tear). This 
water has been conveyed from the soil, or damp wall, in contact with 
the joist, a beam, a distance sometimes of ten or twelve feet to the 
drier parts of the wood. This accounts for the rapid spread of the 
mycelium and its ability to secure enough water for its insidious growth 
through well-seasoned timbers. Sometimes in houses only a thin coat 
of paint conceals the destructive work of the “house-fungus.” Later the 
knit bodies appear as an extended thin superficial crust of a brownish- 
smoke color covered with low anastomosing ridges and wrinkles, sug- 
gesting the surface of tripe, over which the hymenial, or basidial, layer 
is spread (Fig. 89). The basidiospores are deep yellowish-brown in 
color and impart to the hymenium a yellowish-brown hue. Each 
hasidium terminates in four short sterigma w^hich bear the basidio- 
spores, which measure gju to i2}i in length by 5.5JU to 6.5M in breadth. 
Germination of the spores is readily obtained. 

Kiln drying of structural wood is an excellent means of preventing 
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the growth of the dry-rot fungus. Coating materials should be avoidec 
unless the woods are absolutely dry and the well-seasoned wood shoult 
be painted at once as neglect on this score may cause a lot of trouble 
The walls on which timbers are laid should be perfectly dry. 

‘ Sap-rot (Vaedaka quercina (L.) Pers). — One of the most im 
portant enemies of structural oak, produces a soft, mushy decay of 
the wood (Fig, 202, also page 76). 



Fig. 202 . — DcedaUn quercina destroying a f^ce post, Nantucket, Aug. 23, 1915. 
Xerophytic hoof-shaped fruit-body above, mesophytic bracket below in contart 
with the grass. 


Violet (Viola spp.) 

spot Disease (AUermria mola Gall. & Dorset!) (Fig. 203).— 
The wild violets in the yard of the author have been attacked by 
the spot disease every year for the past six years. In some years, the 
attack is more virulent than in other years. It is also common on vio- 
lets grown under glass, and in some districts, commercial violet growing 
has been practically abandoned. The fungus attacks plants that are 
making a rapid and vigorous growth. The first spots are circular, 
greenish or yellowish white ones. They have a light colored central 
portion surrounded by a narrow ring of discolored tissue, usually 
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black or very dark brown at first, but changing to a iighter shade, as the 
spots grow older. The first diseased part of the leaf iooJcs as if water- 
logged, and in a few days, the diseased part of the leaf peripheral to the 
central spot fades, or bleaches, to a yellow, or grayish-white. Here 
ihe disease may stop and the plants recover, the diseased areas separate 
from tiie healthy tissue and fall out leaving holes in the leaves. The 
disease may spread, however, until the whole leaf is destroyed. 



Firt. 203. — Violet leaves affected with leaf-spot [Alternaria tijoia). (Phcto. by 
hald, F. D. and Wolf, F. A., Bull. 133 (Sd. Ser. 14). Univ. of Tex., Kov. 15, 
909.) 


The majority of the spots are free from fungous spores except under 
5ndilions favorable to their development. Some spots produce spores 
1 abundance, especially upon the central, or older portions of the spots, 
he spores are borne in chains on dark brownish hyphaj that arise 
om the diseased surface, The conidiospores are clavately flask- 
laped, muriform, strongly constricted at the septa, which are variable 
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in numberj olivaceous, 10 to 17;! by 40 to 60/i, exclusive of the isthmus 
which is 3 to 5/i by 3 to 2$^,^ 

To prevent the d^ease, only healthy vigorous stock of known par. 
entage should be grown. These plants should be propagated at the 
season most favorable to the growth of the violet. The frames, glass 
houses and conservatories should be kept scrupulously clean. 

Wheat (TriticUm satimm Lam.) 

Black-rust {Puccinia graminis^ Pers). — Before the rise of modern 
scientific investigation in botany, the farmers of Germany believed that 
there was some connection between the rusted condition of their wheat 
plants and the barberry bushes in proximity to their fields. It re- 
mained for de Bary in 1865 to give scientific demonstration of the life 
cycle of the rust fungus by experimental methods. He found on the 
branches and leaves of the wheat plant rust-red lines, which represent 
cracks in the epidermis through which the summer spores known a' 
uredospores, or urediniospores, project. These together form the ure 
dinial sbrus, or uredinium. The spores, as they rise from the inter 
cellular mycelium of the leaf, or stem, are ovate, yellowish-brown, spinu- 
lose and measure 10 to 15 /x by 20 to 35;^. They may be repeated, as lonj 
as fresh blades and branches are provided for infection and sprea( 
to new parts, but these spores are specialized, as they cannot infect an) 
other host plant like oat, rye, barley and so forth, but only wheat 
Later the rust-red sori are replaced by brownish-black sori, which repre 
sent the telium composed of teliospores, or teleotospores, which project 
The teliospores are spindle-shaped, two celled, thick-walled and decf 
brown in color. They measure 35 to6o/i by 12 to 22^. Germinalior 
consists in the formation of a four-celled promycelium, orbasidium,eacl 
cell of a stalk gives rise to a single sporidium, or basidiospore. These i 
blown to the barbery enter the barberry leaf by the formation of a gern 
tube and the intercellular mycelium develops a flask-shaped pycnm 
(spermogonium) with small, spore-like bodies abstrictedoff from verlica 
hyphae known as spermatia and aecia, or cluster cups on the under lea 
surface, which give rise to aeciospores. , These carried to the whea 
infect the wheat and the cycle is completed. The aeciospores gerrai 
nate irregularly and capriciously, the process being accelerated to sonn 

1 Dorsett, P. H.: Spot Disease of the Violet, Bull. 23, U. S. Division of v'cgetabli 
Physiology and Pathology, jgoo. 
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extent by chilly nights with alternating warm days. Cluster cups that 
originate from spores produced on the wheat plant, develop secio- 
jpores, which will infect only wheat plants. If it should happen that 
these ffciospores are blown to rye, oats, barley and rye, no infection 
takes place, so that the same specialization of spores form is noticeable 
here as with the uredospores. 

In America, the barberry shrubs are extremely rare and to account 
for the completion of the life cycle on this side of the Atlantic Ocean, 


4 



Fk;. 204. — Gennination of the chlamydospores of Tillelia /(elens several days 
fter beinn placed on moist plaster of Paris slabs, c', showing conjugating basidio- 
pores. {After Bull. 57, Univ. III. Agric. Exper., Slat., March, 1909.) 


ecourse has been had to amphispores, which are thick -walled stalked 
irediniospores produced in the western states under more or less arid 
onditions, but Arthur thinks that the perennatibn of urediniospores 
•lone is sulheient to explain the recurrence of the disease on the wheat 
hnt in siicceeding years. 

It should be emphasized also that within the species of black rust, 
liere exist several specialized forms, more or less a*dopted to their own 
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host plants or plants. According to Eriksson, six forms caii be dij, 
tinguished in Sweden, namely, tritici (on wheat seldom on rye, bark 
and oat), secdis (on rye, barley and couch grass), avence on oat, orchard 
grass, etc.), (on the blue grasses), aira or species of Aira and 

on Agrostis canina and A. stolonifera. 



Fjc. 205. — Heads of wheat showing smut iUsiilago tritici), and to the right, 
appearance of smutted stalks at harvest time. (After Jackson, F. 5 ., Bull. 83, W. 
Coll. Agric, Exper. Stat., December, 1900.) 


Stinking-smut {tilleiia fceiens (B. & C.) Schrt.). — This is the com- 
monest smut on wheat in the United States. It occurs in th 
wheat-growing regions of Canada^ and the Northwest, where A 

'Gfjssow, H. F.: Smut Diseases of Cultivated Plants. Eul. 73, Division «• 
Botany, Central Experimental Farm, Ottawa, Camada, March, 1913. 
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^ considerable damage (Fig. 204). The fungus is confined to 
tjje wheat plant, although nearly all the varieties of that cereal are 
jflsceptihle to it and under all climatic conditions. The production of 
jpores in the host is confined largely to the ovules, and as these begin to 
pow, they become smutted. Such smutted grains cause a flaring of the 
spikelets and diseased parts may be recognized by a slight difference in 
color. With the formation of the spores, a penetrating and disagree- 
ibie odor arises, the presence of which gives the common name to the 
disease. The smut spores, or chlamydospores, are brown in color, 
nearly spheroid in form and vary from 16 to 25/i in diameter. From 
these chlamydospores on germination acicular or needle-shaped basidio- 
jpores (sporidia) arise, which are produced in the form of a crown on a 
short basidium (promycelium). The spores may unite in pairs and 
^ondary basidiospores be formed. 

This disease can be controlled by the use of formalin. The grain 
of wheat should be sprayed with the solution (i pint to 30 gallons of 
water). 

Another wheat smut fungus is Ustilago trilici (Fig. 205), 
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NON-PARA^C, OR PHYSIOLOGIC PLANT DISEASES 

The non-parasilic diseases of plants traceable to the unfavorable 
conditions of the slope, physical and chemical character of the soil in- 
cluding the deficiency or excess of water content, as well as the unfavor- 
able climatic influences, have been discussed at length by Sorauer in 
his “Handbuch dcr Pflanzenkrankheiten” (3d Edition, assisted bv 
Lindau and Reh, 1908) and the English translation of the 3d edition 
of this book by Frances Dorrance under title of “Manual of Plani 
Diseases,” issued in parts. Four parts have already appeared on Non 
parasitic Diseases. At length also are considered the poisonous in- 
fluence of gases and other chemicals together with wound and gai! 
diseases. Gummosis and several other physiologic diseases have been 
described by him. A general treatment of these diseases has beer 
made in Fart II of this book and, therefore, such general considera 
lions need not be rehearsed here. A few specific cases will be giver 
by way of introducing the student to another phase of phytopatho 
logic workd 

It should be stated at the beginning that no sharp line can be dram 
between parasitic and non-parasitic diseases. If they were controllec 
by a single set of factors this might be done, but complications alwav: 
are involved. 

The classification, however, is a convenient one and we can, there 
fore, use the terms physiologic and non-parasitic merely as conventioi]a: 
designations for a certain class of diseases. A convenient bibliographv 
of non-parasilic diseases of plants by Cyrus W. Lantz forms pari d 
Circular No. 183 Agricultural Experiment Station, University of Illinois 
Urbana, May, 1915. The following are some of the names applied t( 
such diseases in the original papers listed in the above-mentionef 
circular by Lantz: Anaheim, Bitter-pit, Brunissure, Brusone, Chloro 

^ SirfiTH, R. E.: The Investigation of Physiological Plant Diseases. Phyto 
pathology, V, 83-93, 
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■gs, Collar-blight, Coulure, Court-noue, Curly-top, Die-back, Exan- 
thema, Foot-rot, Fruit-spot, Gummosis, Intumescence, Leaf-curl, 
j^af-scorcli, Mai di gomma, Melanose, Mosaic, CEdema, Pithiness, 
pourritAire, Roncet, Rosette, Scald, Stippen, Sunburn, Tipburn, 
Tofflosi^, Tumor, Water-core, Yellows, Zopal. 

The following diseases, selected because of their interest and im- 
portance to plant growers, maybe looked upon as belonging to this class. 

Sia^-hcad, or Top-dry. The disease so designated frequently re- 
sults from lack of proper food in the soil. The gradual death of the 
top of the tree is an indication of the malady, as well as the loss of 
active growth in the lower part of the tree. It is found in forested 
areas where by burning, or by denudation, the conditions have been 
changed. Stag-head is frequently seen in park trees where the 
natural undergrowth has been removed and where the covering of turf 
prevents the access of rain to the roots of the trees, or where the stock 
of humus has become depleted in the soil. The soil tends to dry out 
in summer and in some of the parks in Philadelphia its surface for 
several inches becomes baked hard. This is assisted by the constant 
tramping of many feet beneath the trees. The soil becomes impover- 
ished, especially in nitrogen and starvation of the tree becomes evident 
with the slow death of its terminal branches. As a preventive measure 
■a constant supply of food should be provided. Wherever practicable 
:he ground beneath the tree should not be sodded completely, but 
jhould be planted to low-growing shade-enduring plants, and if pos- 
uble, the soil should be top-worked and dressed each year with manure, 
ar other plant food. Along streets and walks this is rendered difficult 
A the proximity of paving material, but as in Paris each tree should 
lave around its base an unpaved area through which the water can 
seep into the soil and by which plant food can be added. An open 
grating can be placed so as to protect the surface soil about the tree 
rom the tramping of passer sby. 

Root Asphyxiation (Suffocation). — The health of trees and other 
ilants depends on the proper aeration of the soil. This is conditioned 
lathe size and proximity of the soil particles or the amount of water 
iresent, and on the proximity of pavements, fills or grading materials, 
rtc. The lack of air is of far-reaching importance. The organisms 
if nitrification cannot carry on the process of nitrogen fixation in soils 
inor in oxygen, and this is true of wet soils or those which are poorly 
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drained. Flooding of tree roots is frequently the cause of the death 
of the tree. This is seen in low places underlaid by a hard par;, where 
the groundwater comes close to the surface, or in stiff soils, which 
become saturated and hold their water for a long time. Bad aeration 
of the soil coupled with the presence of noxious gases is frequently the 
cause of disease and death in street planted trees. As preventive meas- 
ures the ground should be kept stirred about the bases of the trees or 
where the ground has been filled in around the tree, small patches of 
bark should be removed to induce the formation of adventitious roots 
from the wounded areas beneath the new soil surface. 

Desiccation— This phenomenon is noticeable in plants exposed to 
bright sunlight following a spell of cold or cloudy .moist weather. The 
young leaves and tender shoots of such plants frequently wither and die 
under such conditions. This is sometimes called sun-scald, but evi- 
dently it is due to a too rapid loss of water, that the tender parts 
wither. The excessive loss of water is due to the fact that the leaves 
produced in very moist air are not adapted to resist excessive transpira- 
tion even where there is an abundant supply of water in the soil. In 
other words, the leaves and teifder shoots have not been sun hardened. 
The writer has noticed such a state in the spring when a dry hot spell 
of weather succeeds a moist cool spell. This disease is produced in the 
West and Southwest by hot dry winds which sweep over the country, 
or in South Florida by what are called dry hurricanes. The ‘‘Sirocco” 
on the African coast of the Mediterranean Sea, in Malta and Italy is a 
hot dry desiccating wind, and so is the “Khamsin,” a hot wind from the 
desert, which blows across Egypt. The leaves of plants are literally 
cooked, or parched, with such dry winds. The cold dry winds of 
wrinter may produce the same effects as the warm dry ones.^ 

Remedial measures under such climatic conditions would be difficult 
to operate. Frequently in dry regions the formation of a dust mulch 
by cultivating the soil surface is a method of conserving soil moisture, as 
is also the application of litter of various kinds. Top pruning in dry 
seasons will often check the excessive demand for water and thus pre- 
vent injuries to the rest of the tree. Copious watering of the soil 
under such dry conditions may save the destruction of the orchard 
trees or cultivated plants. Winter blighting, or dry-out of coniferous 

’ Hartley, Carl and Merrill, T. C.; Storm and Drouth Injury to foliage 
of Ornamental Trees, Phytopathology, V, 20-39, 
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trees may be prevented by proper shelter, or by liberal mulching, 
a'hght straw shelter, or wind-break, may be efficacious. 

Transpiration from the leaves of plants is much 
itduced during periods of long-continued rains or fogs and as a result the 
plant becomes gorged with water. Growth is stimulated, but the cells 
are thin walled and easily dry up, or are the easy prey of fungi and in- 
sects. Such excess of water may result in the formation of little warts 
ajid swellings. These may be formed on leaves or stems. Sometimes 
the leaves become diseased by being water-logged in spots which are 
translucent in appearance. Galloway and Woods^ describe the in- 
fluence of the excess of water during the season of 1896 in Washington, 
p. C. “ In early spring i?egetation was at first a little retarded by cool 
weather, but this was suddenly followed by good growing weather, 
during which the leaves of most trees and shrubs especially those of 
Norway maples pushed out with great rapidity. This latter period was 
iolbwed by one quite dry and warm, during which red* spiders increased 
to unusual numbers, particularly on the lower and more protected leaves 
of the crown. After this came a period of several days of rainy weather, 
and many of the spiders were washed off, but the leaves where they had 
been working became water-logged. The Norway maples and horse- 
chestnuts suffered most, the leaves of these trees in many cases appear- 
ing to have been scorched with fire.” 

Such injuries as water-logging resulting from an excess of moisture ■ 
in the air cannot be prevented readily. Proper planting may render 
trees less liable to such trouble especially if care is exercised in feeding 
them after they are planted. Susceptible trees such as horse-chestnut 
and Norway maple require special care and if the conditions under 
which these trees can be grown open the way to serious water-logging 
they should be discarded and other trees planted in their stead. 

(Edema of Manihoi . — The blister-like pustular outgrowths on plants 
variously designated as oedemata or intumescences have been the subject 
of careful investigation by a number of plant pathologists. The disease 
is also known as dropsy'^ and has been observed both in greenhouses 
and out-of-doors (Fig. 206). The diseased condition known as oedema 
or dropsy occurs on stems, leaves and fruits. It has been found recently 
^Galloway, B. T. and Woods, Albtcrt F,: Diseases of Shade and Ornamental 
Trees. Yearbook, U. S. Dept. Agric., 1896: 245. 

’‘SoRAUER, Paul, Lindau, G. and Reh, L.; Manual’of Plant Diseases, trans. 
hy Frances Dorrance, i: 335, 
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jjy and Lloyd affecting the leaves of rubber-producing plants be- 
longing to the genus Manihot of which M, glaziovii, M. heptaphylla 
and M- pianhyensis are known as ceara. The leaves of the ceara 
plants growing in the greenhouses of the Agricultural Experiment 
Station, Auburn, Alabama, were found with numerous, glistening, 
prominently projecting elevations on either surface of the leaf. When 
the elevations or swellings occur on the upper surface there are corre- 
sponding depressions or concavities on the lower reaching as much as 
three millimeters in diameter and protruding a millimeter above the 
surface. The blisters are circular in outline and mostly isolated, but 
if they exceed 300 to 500 they become more or less confluent. At first 
there is no change in the color of the leaves, but as the disease 
progresses the oedematous tissue turns brown and finally dries and 
collapses. The anatomic details of healthy as contrasted with the 
diseased oedematous cells are shown in the accompanying details of 
Figure 206. 

A number of explanations have been given for the origin of oedema, 
or dropsy in plants. Giant cells have been found in dropsical tissues 
similar to those found in insect galls. Woods found that thin walled 
oedematous cells were found in carnations as a result of the puncture by 
aphids, and in such the possible acid conditions must be considered. 
Sorauer and also von Schrenk have shown that intumescences may be 
caused by spraying leaves with copper salts. Several other plant 
pathologists hold to the general view that the disease is due to impaired 
transpiration. Sorauer was the first to attribute the cause to abnormal 
elevation of temperature, together with excessive water supply. He 
tinds that weak light or semi-darkness favors the accumulation of water 
in the tissues, in that reduced illumination lowers assimilatory activity, 
and swollen tissue results. Viala and Pacollet believe that brilliant 
light is a prepotent cause, while Fisher argues that oedema is due to 
the increased affinity of the colloids of the tissues for water. This may 
be due to the accumulation of acids and Wolf and Lloyd^ believe that 
the oedematous tissue of ceara seems to afford some evidence for the 
truth of this contention. 

Frost Necrosis of Potato Tubers, — Jones and Bailey '^ have called atten- 

‘ Wolf, Frederick, A. and Lloyd, Francis E. : CEdema on Manihot, Phy- 
topathology 2: 131-134, pi. I, 1912. 

Mon'ES, L. R. and Bailey, Ernest: Frost Necrosis df Potato Tubers, Phyto- 
pathology 7; 71-72, Feb , 1917. 



570 


SPECIAL PLANT PATHOLOGY 


don to a type of non-inheritable “net necrosis” of potato tubers which 
has developed under conditions which suggest frost injury and this 
hypothesis has been conhrmed by chiUing experiments. Tubers 
“frozen solid” are totally killed and collapse when thawed, and if ^ 
chilling stops with incipient ice crystallization, such interior tissues ag 
are most sensitive may be killed. Such frozen tubers are normal in 
external appearance bnt when cut open they show that the most 
sensitive internal vascular tissues are discolored and are killed. There- 
fore, moderate exposure to freezing temperature may produce either 
“ring” or “net” necrosis, the blackened vascular tracts penetrating the 
fundamental tissue cells filled with starch. Tubers vary individually 
in their sensitiveness but in general the best types of “net necrosis” 
have been secured by about two hours exposure to + 5°C. with similar 
results on exposing them to — i°C. for eight and one-half hours to - 
C. for one hour. Slightly more severe treatments, or unequal exposures 
may give frozen spots with corresponding dark blotches involving the 
general parenchyma. The stem end of the tuber is always more 
sensitive than the other end. 

Apple Fruit Spots . — This disease of the fruit of the apple is also 
known as Baldwin-spot, bitter-pit, fruit- pit, pointe bruns de la chair 
and stippen. It is cosmopolitan in its distribution, being found wher- 
ever apples are grown. It has recently received the attention of a 
number of mycologists and a number of explanations as to its cause have 
been given. The most recent study seems to indicate its non-parasitic 
character. The observed spots are dark in color, circular or some- 
what angular in outline, from one-eighth inch or less to one-fourth inch 
in diameter. Although distributed over the surface of the pome they 
appear most commonly on the blush, or snn-exposed side. A lentifd 
forms the center of the slightly depressed areas or “ pocks, which con- 
sist of necrotic tissue. The injury is superficial extending only slightly 
into the pulp. Pathologists appear to have agreed that the disease is 
due to extreme variations in the water-supply of the apple tree during 
the growing season. 

McAlpine,^ an Australian mycologist, has published four quarto 

* Eastham, J. W.; Bitter Pit Investigation, Phytopath. 4: 121-123) iQHI 
Brooks, Charles: Bitter Pit Investigations, Phytopath. 6 : 

Crabill, C. H. and Thomas, H. E, : Stippen and Spray Injury, Phytopath. 6: 

51 - 54 , 1916. 
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volumes with plates and illustrations in which he presents the evidence 
13 favor of the hypothesis that the stippen is due to irregularities in the 
lector infinencing the hatance between tianspitalion and water supply 
aad not to poisoning of cells, c.g,, by arsenical sprays as supported by 
abundant experimental proofs. He believes that the principal contrib- 
uting factors are: 

1. Intermittent weather conditions when the fruit is at a critical 
period of growth. 

2. Amount and rapidity of transpiration. 

3. Sudden checking of the transpiration at night when the roots are 
still active owing to the heat of the soil. 

4. Failures of supplies at the periphery of the fruit followed by 
spasmodic and irregular recovery. 

5. Irregularity of growth, so that the vascular network controlling 
the distribution of nutritive material is not formed regularly. 

6. Fluctuations in temperature when fruit is in store. 

, 7. Nature of the variety. 

IVater-core of Apple } — The diseased fruits are characterized by 
hard watery areas in the flesh, usually in the core and extending out- 
ward, Occasionally the flesh is marked by scattered small spots with 
extensive watery areas near the surface. The abnormal areas are 
usually associated with the vascular tissues. The seed cavities contain 
liquid and the hard partition membranes become cracked and covered 
with the hair-like out-growth known as tufted carpels. Norton states 
that the intercellular spaces so conspicuous in the normal apple 
flesh are filled with fluid in the diseased tissue so that the white opaque 
appearance of the normal flesh is lacking. “The occurrence of the 
disease under conditions favoring excessive sap pressure or cell turgor, 
on vigorous growing trees, or trees with the foliage reduced by blight, 
and especially in late summer when the air is cold at night and the soil 
warm, the cracks in the carpels, the occurrence along the vascular tissue, 
the liquid filling the intercellular spaces, lead me to the conclusion that 
the trouble is due to sap forced into the seed cavities and intercellular 
spaces by excessive sap pressure under conditions of reduced transpira- 
tion. The air being excluded from the inner cells by the liquid filling 
the intercellular spaces, anaerobic respiration may be increased and 
^Norton, J. B. S.: Water Core of Apple. Phytopathology i; 126-128, Aug., 
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account for the alcoholic flavor, if not lead to the decrease in add 
and the sweeter taste. 

Die-back or Exanthema of Citrus Fruits } — Exanthema is a disease 
of the orange groves of the United States occurring in California and 
Florida. It affects all varieties of the genus Citrus^ both young and 
old trees being susceptible. The malady is worse in trees which grow in 
poorly drained soils underlaid by an impermeable ferruginous sandstone 
but it occurs in hammocks as well. Exanthema attacks the small 
branches and shoots, though the fruit shows symptoms of diagnostic 
value. The disease is diagnosed more surely when the shoots become 
more or less stained sub-epidcrmally by a yellowish-brown material 
and begin to die back. The fruit may become similarly stained and 
its epidermis so dry that it cracks and splits by the pressure of the 
developing pulp cells. The disease may be held in abeyance for a 
number of years, but if it progresses, the shoots swell at the nodes, 
infrequently along the internodes and as they mature, linear, erumpent 
pustules break out on the internodes. On the older branches 
pustules may be extremely numerous and a small amount of gum may 
be observed in them. Proliferation of young buds takes place and these 
may develop into short branches with chlorotic foliage producing a 
pseudo witches’ broom. 

Exanthema is induced, like gummosis, by the concurrence of active 
growth and active tissues. “The soils in which exanthema occur are 
typically dry soils, which when saturated by irrigation water or rains, 
promptly become dry once more when the weather clears or irrigation 
is discontinued. The rings of growth, which, as we have seen, are very 
marked in diseased shoots and branches of trees aitected by exanthema, 
could not be caused except by a more or less rapid succession of maxima 
and minima of growth.” Obviously as climatic conditions cannot be 
said to be causative, we must look to changes in the water relations of 
the plants which causes a marked development of the rings of growth. 
Webber and Swingle have observed that cultivation increases the sus- 
ceptibility of the Citrus trees to exanthema, and even causes a 
more virulent outbreak of the disease in the affected trees. Any 
method of cultivation which tends to promote regular instead of fluctu- 

Butler, Ormand; A Study on Gummosis of Prunus and Citrus with Obser- 
vations on Squaraosis and Exanthema of Citrus. Annals of Botany 25 : io7"i53^ 
1911. 
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ating growth may be regarded as a preventive or remedial measure, 
prainage may prove to be remedial to exanthema which is only of one 
kind while there may be several kinds of die-back. 

Mottle-leaf of Citrus trees is marked by the loss of 
chlorophyll from parts of the leaf, the portions farthest removed from 
the midrib and larger veins being hrsf affected. As the disturbance 
progresses, the yellowish spots increase in size until the remaining 
chlorophyll is found in narrow areas along the midrib and larger veins. 
The advanced stages are distinguished by a marked decrease in the 
size, quality and yield of fruit. No organism has yet been proved 
to be associated with mottle-leaf which is common in the groves 
of southern California. Orchards fertilized with organic materials, 
such as stable manure, usually showed less mottling than groves the 
soils of which were treated with commercial fertilizers. The results 
of soil analyses show in the case of oranges a marked inverse correla- 
lion between the humous content of the soil and the percentage of 
mottling, the latter tending to diminish as the humous content increases 
and experiments show that this humus should be well decomposed. 
It would seem, therefore, that the mottling of orange leaves in the areas 
studied is definitely correlated with the low humous content of the 
soil, the mottling diminishing as the humus increases. ^ 

Curly-top of Sugar Beets . ^ — The curly-top of sugar beets seems to 
have attracted the attention of growers in California about 1898. It 
is distinguished by the following symptoms. An inward curling of the 
leaves, a distortion of the veins of the affected leaves, having roots and 
checked growth. It has caused great financial loss in the beet dis- 
tricts of the western United States. Experimental study of the disease 
shows that the leaves of the curly-top plants have an oxidase content 
or three times as great as the healthy and normally developed 
ones. It appears that an abnormal retardation of growth in sugar 
heet plants is accompanied by an increase in the concentration of 
oxidases in the leaves or a change in the juke of the latter by which 
the pyrogallol oxidizing oxidase becomes more active. 

Peach Yellows . — This disease which according to the early records 

* Kkiggs, Lyman J., JcNSEX, C. A. and McLane, J. W.; Mottie-leaf of Citrus 
frees in Relation to Soil Conditions. Journ. Agric. Res. 6: 721-739, plS; 3, 1916. 

* Bunzel, Herbert H.: A Biochemical Study of the Curly-top of Sugar Beets, 
Bull. 277 , U. S, Bureau of Plant Industry, 1913. 
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seems to have spread from the region around Philadelphia as a center 
has been known about one hundred years. It is a contagious disease of 
unknown origin. Erwin F. Smith* in 1894 gave the first complete 
scientific account of yellows founded upon experimental data. He 
describes the symptoms as follows; “Prematurely ripe, red-spotted 
fruits, and premature unfolding of the leaf buds into slender, pale 
shoots, or into branched, broom-like growths. • The time of ripen- 
ing of premature fruit varies within wide limits; sometimes it pre- 
cedes the normal ripening by only a few days, and at other times by 
several weeks. The red spots occur in the flesh as well as on the skin 
making the peach more highly colored than is natural. The taste of 
of the fruit is generally inferior and often insipid, mawkish, or bitter 
Often this premature ripening is the first symptom of yellows. Often 
during the first year of the disease this kind of fruit is restricted to cer- 
tain limbs, or even to single twigs, which, however, do not differ in 
appearance from other limbs of the tree. The following year, a 
part of the tree becomes affected and finally the whole of it, the parts 
first attacked now showing additional symptoms, if they have not 
already done so. These symptoms are the development of the winter 
buds out of their proper season. The buds may rush into shoots onl^ 
a few days in advance of the proper time in the spring, or may begin to 
grow in early summer, soon after they are formed, and while the leaves 
on the parent stem are still bright green. This is a very common and 
characteristic symptom, and is especially noticeable in autmfin when the 
normal foliage has fallen. Usually under the influence of this disease 
feeble shoots also appear in considerable numbers on the trunk and main 
limbs. These arise from old resting buds, which are buried deep in the 
bark and wood and remain dormant in healthy trees. Such shoots are 
sometimes unbranched, and nearly colorless, but the majority are green 
and repeatedly branched, making a sort of broomlike, erect, pale green, 
slender growth, filling the interior of the tree.” 

Yellows can be well controlled by destroying the diseased trees as 
soon as they show premature fruit, or shoots with the narrow 
leaves. The best treatment is to pull out pr grub out and burn the dis- 
eased trees, and remove the stumps at a more convenient time. This, 
however, does not remove all source of infection as the disease may pos-, 
sibly spread from the stumps or yellowed shoots arising from them. 

^ Smith, E. F.: U. S. Farmers’ Bulletin No. 17, 1894. 
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Xhe young trees may be set in the vacant places, care being 

to obtain trees for resetting that are free from yellows. 

fip^burn of Potato —This disease is also called leaf burn or scald. It 
^curs in many parts of the country and is often confused with early 
flight. The tips and edges of the leaves turn brown and these dis- 
colored areas soon bKome hard and brittle. The burning or scalding 
jj^ay occur at any time and as a rule is the result of unfavorable con- 
ditions surrounding the plant. Long continued cloudy and damp 
weather followed by several hot bright days are very apt to result in the 
burning of the foliage. This is especially the case on soils carrying a 
comparatively small percentage of moisture. When the weather is 
doudy and damp the tissues of the potato become gorged with water and 
this has a tendency to weaken them. If the sun appears bright and hot 
when the leaves are in this condition there is a rapid evaporation of the 
moisture stored up in their cells. The evaporation may be more rapid 
than the supply absorbed by the roots-, and if this continues for any 
length of time the weaker and more tender parts first collapse, then 
die, and finally turn brown and dry up. Tip burn may also occur as the 
result of protracted dry weather.^ 

Little of a specific nature can be said as to the treatment of this 
trouble. The plants should be kept as vigorous as possible by good 
cultivation, with plenty of available food. 

Leaf-casting . — The fall of leaves at the end of the growing season, at 
the approach of winter, or periodically in the tropics is a normal result 
of the formation of an abscission layer. The premature dropping of 
leaves, the leaf-fail in house plants, the dropping of flowers and twig 
abscission are all manifestation of abnormal, even diseased conditions. 

The premature dropping of leaves owing to the sudden weakening of 
functional activities concerns the plant pathologist and is known as 
'‘leaf-casting.” The dropping of pine needles is only one phase of the 
general phenomenon. I may be allowed to quote here from the English 
translation of the third edition of Sorauer’s “ Manual of Plant Diseases ” 
(1:349) by Frances Dorrance, concerning the leaf-fail in house plants. 
“Among the most delicate of the house plants belong the Azaleas, 
because, as a rule, they suddenly drop their leaves in summer, or in the 
autumn; the broom-like little tree then at best develops only a few piti- 

' Galloway, B, T.: Potato Diseases and their Treatment. U, S. Farmers’ 
Bulletin 91, 1899. 
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f ul flowers. Here too are concerned sharp contrasts occurring suddenlv 
Either the plants (usually set in peat soil) in summer are left too dry anij 
later watered very abundantly, or they are brought too suddenly 
the warm house in the autum. In both cases the leaves are weak func 
tionally and then their functioning is increasingly stimulated by the 
increased upward pressure of the water. If the transition is ])rought 
about gradually, the inactive leaf surfaces would have time to resume 
their normal action by a general slow increase in their turgidity and 
there would be no resultant injury. But, with the sudden upward 
pressure of the water, the basal region alone is stimulated, thus causing 
the development of the cleavage layer.” Here are briefly a few of the 
observations of the writer on two plants of Fuchsia brought into the 
house from out of doors and placed in a window with a bright southern 
exposure. Soon after removal to the house although abundantlv 
watered the leaves began to drop until the window sill was covered with 
the litter. New leaves were constantly formed, but these in turn 
dropped off and this phenomenon continued through the winter until 
the plants were transplanted the following summer to garden soil when 
the dropping of the leaves ceased and the plants again became apparently 
normal. The general concensus of opinion among plant pathologists i& 
that the disturbance in the equilibrium of the turgor distribution is the 
cause of all premature dropping of the leaves. “For house plants it 
may be recommended as a fundamental principle that the plants should 
be subjected gradually to other vegetative conditions, and the domml 
period^ upon which every vegetative part enters, should not be inter- 
rupted by an increase in the supply of heat and moisture.” 

Curly-dwarf of Fotalo . — This is a peculiar disorder characterized by 
a dwarfed development of the potato plant accompanied by a curling 
and wrinkling of the foliage, so that it resembles the foliage of the va- 
rieties of cabbage known as Scotch Kale and Savoy Cabbage. The 
Germans call it Krausel Krankheit. The disease is manifest in the 
shortening of the leaf petioles, midribs and veins of the leaves and es- 
pecially in the nodes, so that the foliage is clustered thickly. The 
diminished growth of the veins in proportion to the cells of the funda- 
mental tissue results in a wrinkled leaf surface, often curled downward. 
There seems also a tendency for the formation of a greater number oi 
secondary branches, associated with brittle stems. The color of the 
foliage is not altered as it remains a normal green except in very severe 
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vhen it becomes a lighter green sometimes with brown or reddish 
flecliS, where the tissues are dying. This malady is distinguished from 
leaf-ioil by the buWate, dowward curVmg oi the leaves, Oie persistence 
p{ the normal leaf green and the general firmness of the leaves. It 
results in the reduction in the yield of tubers, and in several cases no 
t^ibers have been found. 

The nature and cause of this disease remain inexplicable. That it is 
ad hereditary trouble has been attested by German plant pathologists. 
The tubers from diseased hills all develop into curly-dwarfs, while those 
[rom healthy hills remain normal. The disease which is found in 
Europe and in this country plays a large role in the deterioration of 
jotatoes. It seems from our knowledge of the disease that it is a 
:ihysiologic disorder resulting in a permanent deterioration of the 
potato stock. It may develop at any time under the influence of 
conditions not yet fully understood, and the vigor of the strain is reduced 
apparently without any chance of its restoration. Perhaps it is concerned 
with the senescence of the particular race of potatoes attacked or in 
other words a varietal decline. 

The disease can be controlled to some extent by selecting tubers 
from healthy hills, and if it is prevalent in a field of potatoes, it would 
be better not to use any of the tubers from such a field for seeding 
purposes. ^ 

Bean A/oxa-fc.®— Hundreds of acres of pea beans Phaseolus vulgaris in 
New York showed the mosaic disease in 1916 and in some fields prac- 
tically every plant was affected and these plants rarely form pods. The 
malady is not confined exclusively to the pea beans, but affects varieties 
of dry and snap beans and perhaps is tbe same disease described by Me- 
Clintock as attacking pole and bush lima beans. The leaves of the 
plants attacked by mosaic show irregular crinkled areas, somewhat 
deeper green than the surrounding yellowish-green tissue. The dis- 
ease is transmitted through the seed for diseased seedlings develop 
horn bean seeds taken from mosaic parents. The disorder has been 
induced experimentally by rubbing healthy seedlings with crushed 
leaves from diseased plants, the reaction taking place four weeks later. 
The first signs of the disease are seen about the time of blossoming. 

‘Orion, W. A.: Potato Wflt, Leaf RoU and Related Diseases, Bull. U, S. 

Agric. 64, 1914. 

‘Stewart, U. B. and Reddick, Donald; Bean Mosaic, Phytopathology 7: 61. 

37 
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Experimental treatment indicates that high temperature and ivumidity 
at the time of inoculation favor infection. 

Mosaic Disease of Tobacco. disease is one of the most serious 
which attacks the tobacco plant. It is known locally as '' calico” 
^‘gray4op,” “mottled-top/* “mottling” and “foxy” tobacco. The 
term “frenching” is used in southern tobacco sections to designate 
abnormal, sickly plants with stringy, very thick and leathery leaves 
which may be mottled, or not. It is not known whether this diseased 
distinct from mosaic. Chlorosis has also been used for mosaic, as 
as the terms" brindle ” or “ mongrel.” Allard states that the mosaic dis 
ease of tobacco is attended with various physiologic and morphologic 
changes in the leaves, branches and sometimes flowers of all affected 
plants. The character and the intensity of these symptoms vary 
greatly, depending upon the age, habits of growth, spedes of plants 
affected and external conditions. Allard classifies the characteristic 
symptoms of mosaic, as follows: 

1. Partial or complete chlorosis. 

2. Curling of the leaves, 

3. Dwarfing and distortion of the leaves. 

4. Blistered or “savoyed ” appearance of the leaves. 

5. MottHng of the leaves with different shades of green. 

6. Dwarfing of the entire plant. 

7. Dwarfing and distortion of the blossoms. 

8. Blotched or bleached corollas (in NicoHana labacum only). 

9. Mosaic sucker growths. 

10. Death of tissues (sometimes very marked in NicoHana ruslica). 

The first visible symptom of mosaic in very young plants appears asa 

slight downward curling and distortion of the smallest innermost leaves, 
which at the same time become more or less chlorotic. Small abnor- 
mally dark-green spots and areas appear as these leaves increase in size 
and if the plants are not crowded these spots develop rapidly into large, 
irregular, crumpled swellings or blisters of a “savoyed appearance. 
The leaves of these young plants may grow to a disproportionate she, 

^ Woods, Albert F. ; Observations on the Mosaic Disease of Tobacco, Bull. 18. 
U. S. Bureau of Plant Industry, 1902J Chapman, G. H, : Mosaic and Allied Diseases, 
Report of Botanist in ssth Annual Report Massachu ^etts Agricultural 
Station, 1913; Allard, H. A.: The Mosaic Disease of Tobacco, Bull. U. S. Depart- 
ment Agriculture, 40, 1914. 
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soB^e cases becommg long and sinuous. As tKe plants approach 
jjaturity and become infected they develop into the characteristic 
"gray-lop” or “mottled- top.’’ The incubation period of 10 or 15 days 
is followed especially in the hot sun by a very noticeable wilting of the 
upper leaves which become finely mottled. The mottling is due to the 
distribution of the dark-green shades along the fine anastomosing veins, 
while the lighter shades occupy the small inclosed areas. The roots of 
juosaic plants appear superficially quite normal but it is probable they 
are impaired, in form and function. It is however in the leaves that the 
disease is most manifest, which become blotched and mottled accom- 
panied by distortions which produce at times fantastic leaf forms. The 
lamina is suppressed at times so that the leaf is reduced to' a twisted 
midrib. Sometimes long sinuous ribbon-like leaf blades are found. 

The flowers of diseased plants are characteriaed by the presence of 
the normal pink color in lines, specks, or conspicuous blotches, usually 
of very irregular (fistribution. A rather striking and symmetric color 
character is the occurrence of the pink color as a fine line in the sinus of 
each corolla lobe. Some blossoms are entirely devoid of color and have 
a blanched appearance. 

Various solanaceous plants are susceptible to the mosaic. Such are 
many species of tobacco, tomato varieties, Petunia^ two distinct garden 
varieties of Physalis, Datura, Hyoscyainus, Solanum (2 species), and in 
several varieties of Capsicum, It is probably distinct from the mosaic 
of pokcweed. 

The incubation period of the mosaic disease is variable, depending 
upon conditions favorable or unfavorable to the growth of the plants. 
Eight days is the shortest period recorded. The mosaic virus permeates 
all parts of the plant, including the roots and corollas as well as the 
foliage, but it does not infect the embryos of seed produced by mosaic 
mother plants, and, therefore, such seeds produce healthy plants. The 
sap of mosaic plants after passing through a filter still retains its infec- 
tious properties and mosaic material ground and dried retained its 
virulence one and a half years. The virus preserved by ether, toluene 
glycerin was virulent four months later, as was also the original 
juice, which had been allowed to undergo natural fermentation during 
lliat time.. Certain species of aphides are active disseminators of the 
tnosaic disease, • 

“Various theories have been advanced to explain the primary origin 
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of the mosaic disease of tobacco. The view most generally accepted 
defines the disease as a disturbance of the enzymatic equilibrium in. 
duced by unfavorable conditions of growth. An enzymatic disease is 
physiological in its nature, has its origin within the protoplasmic com- 
plex, and results in a serious and sometimes permanent impairment of 
the assimilative functions.”. Although it has been shown by previous 
workers that the oxidase and peroxidase content of mosaic leaves is 
higher than in normal healthy plants, this fact alone does not warrant 
Allard thinks, its being considered the initial cause of the disease, for it 
might well be an effect rather than a cause. It is true that physiologic 
symptoms attend the mosaic disease such as chlorosis and various mor- 
phologic changes in the leaves, and hence we have placed it among the 
physiologic diseases, but notwithstanding, Allard -thinks, that parasi- 
tism accounts for the primary origin of the disease more consistently 
than the enzymatic hypothesis.^ 

BEBLIOGRAPHY OF NON-PARASITIC DISEASES 

A complete bibliography of non-parasitic diseases up to May, 1915, will be fount 
in Circular 183 Agricultural Experiment Station, University of lUinois by Cyrus \Y 
Lantz, 81-111. 

^Additional papers on mosaic are, as follows: Gilbert, W. W.: Cucumbe 
Mosaic Disease, Phytopath. 6: 143- 144 with 1 plate; Doolittle, S. P.: A nei 
Infectious Mosaic Disease of Cucumber, Phytopath. 6: 145-147; Jagges, I. C 
Experiments with Cucumber Mosaic Disease, Phytopath. 6: 148-151, igi6. 
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laboratory exercises in cultural 

STUDY OF FUNGI 

CHAPTER XXXVII 

LABORATORY AND TEACHING METHODS 

Introductory Remarks .— fourth part of this book is designed 
principally to give directions for laboratory exercises in mycology, 
plant pathology and the determination of fungi. The teacher will find 
perhaps more than can be covered conveniently in a year’s work, unless 
the number of hours to be devoted to the study is greater than usual in 
college or university work. The instructor will be compelled therefore 
to make a selection. There is provided in the fourth part laboratory 
exercises in the making of culture media and stains, the methods of 
study of bacteria and fungi, the manufacture and use of spray materials 
and keys for the identification of different kinds of fungi for use as class 
exercises in learning how to identify fungi and in becoming acquainted 
with the terms used in systematic mycology. The teacher system- 
atically inclined can emphasize the taxonomic exercises provided in the 
lessons and appendices. The professor, who wishes to emphasize the 
important phases of plant pathology, will find in the fourth part 
exercises in the description and study of plant diseases and the 
pathogenic organisms concerned in disease production. 

The teacher interested in technique will find many lessons which 
deal with that subject' as also the apparatus used in the scientific study 
of the fungi. The endeavor has been to appeal to a larger circle of 
students than those engaged in purely pathologic study. The inquirer, 
who wishes to lay a foundation in technical mycology, will find much 
along this line in Part IV and the preceding parts of the book. The 
teacher, who wishes to acquaint himself with the pedagogic methods, 
will find suggestions on this important phase of mycology in the last 
part of the text. The mycophagist, who desires togrow mushrooms, will 
S8i 
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find in detail a method for doing so, and lastly, the practical gro-A er 
find formulae and methods for combating the various fungous ar>i] 
foes which prey upon his crops and which must be subdued ot lield in 
subjection. 

LESSON 1 

Micrometry. — ^The unit of length used in microscopic measurement is the micron 
(i^) which is the one-thousandth part of a millimeter (o.ooi mm.). There arc 
four kinds of micrometers in use ; the stage, the eyepiece, the step, the fiiar, or cob 
web, micrometer, and where in modem types, the cobweb is replaced by a finely 
spun platinum wire. 

Method with Stage Micrometer. — The stage micrometer is a slide with a scale 
engraved on it divided to hundredths of a millimeter (o.oi mm.) eveiy^ tenth line 
being made longer than the intervening ones, to facilitate counting. 

1. Attach a camera lucida to the eyepiece of the microscope. 

2. Adjust the micrometer on the stage of the microscope and accurately focus 
the divisions. - 

3. Project the scale of the stage micrometer on to a piece of paper and with pen, 
or pencil, sketch in the magnified image, each division of which corresponds to loy.. 
Mark on the paper the optic combination (ocular objective and tube length) em- 
ployed to produce this particular magnification. Do this for each of the possible 
combinations of oculars and objectives, and keep the scales that you have made 
for future work in measurement, which is accomplished by projecting the imagt 
of the object on the scale corresponding to the optic combination at use in tbe 
study. 

Method with Eyepiece Micrometer. — The eyepiece micrometer is a circle at glass 
with a scale etched on the surface and suitable for insertion inside of the ocular 
used during the operation of measurement.' The scale is divided to tenths of a 
millimeter (0.1 mm.) or the entire surface of the glass may be etched with squares 
(o.i mm.), the net micrometer. 

The value, of one division of the micrometer scale mu.st be ascertained for each 
optic comhinsLtloa by the- aid of the stage micrometer, thus: 

1. Insert the eyepiece micrometer within the tube of the ocular by placing it 
on the diaphragm of the ocular, and adjust the stage micrometer by placing it oj 
the stage of the microscope. 

2. Focus the scale of the stage micrometer accurately; the lines of the tw( 
micrometers will appear in the same plane. Make the lines on the two micrometef! 
to parallel each other. 

3. Make two of the lines on the ocular micrometer to coincide with those bound 
ing one division of the stage micrometer; this is effected by increasing or diminisii 
ing the tube length; and note the number of included divisions. 

m 4. Calculate the value of each division of the eyepiece micrometer in terms oi 
by means of the following formula: x = loy. 

Where x = the number of included divisions of the eyepiece micrometer. 

y = the number of included divisions of the stage micrometer. 
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Note the opdc combinations used and keep a record of them with the calcu- 
1 mil rometer value. Repeat for each of the other combinations. To meas- 
gp object by this method, read off the number of divisions of the eyepiece 
^lemeter it occupies and express the result in microusby looking up the standard 
value for the optic combination used. 

^xavipl ^- — Determine bow many of the stage micrometer divisions correspond 
^0i the eyepiece micrometer divisions. Divide the first by the last, the quotient 
^ be the true value of the ocular micrometer divisions in units of the objective 
oiaometer. If 20 divisions of the ocular micrometer cover 87 divisions of the 
stage micrometer then = 43-5 = 0.0435 mm. 

Meihnd with Filar Micrometer (Fig. 207). — This consists of an ocular having a 
jjed wire stretching horizontally across the field with a vertical reference wire 



Fig, 207. — Screw micrometer eyepiece (Filar micrometer). 


adjusted at right angles to the first and a fine wire, parallel to the reference wire, 
wMch can be moved across the field by the action of the micrometer screw. The 
trap head is divided into 100 parts, which pass successively a fixed index as the head 
« turned. A fixed comb with the intervals between its teeth corresponding to one 
complete revolution of the screw head is found in the field. As in t e previous 
iffielhod, the value of each division of the comb scale must be found for each optic 

icombination. . , . r ^ 

' I. Place the filar micrometer and the stage micrometer m their respective 

TRotate the screw of the flat micrometer until the movable wire coincides with 
Ik fixed one, and the index marks zero on the screw head. 
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3. Focus the scale of each micrometer accurately and the lines in them parallel 

4. Turn the micrometer screw until the movable line has traversed one division 
of the stage micrometer note the number of complete revolutions (by means of the 
recording comb) and the fractions of a revolution (by means of scale on the head 
of the micrometer screw) which are required to measure the 0.01 mm. 

5. Make several estimations and average the results. 

6. Note the optic combination employed in this experiment and record it care 
fully, together with the micrometer value in terms of /i. 

7. Repeat this process for each of the different optic combinations and record 
the results. 

To measure an object by this method, simply note the number of revoluUons and 
fractions of a revolution of the screw, and express the result as microns by tuferenue 
to the recorded values for that particular optic combination. 


Table of Micrometer Values 

Z 


Designation of 
objective 

Fncal length, 
mm. 

i 

! 

Mark at which 
the draw tube has 
to be adjusted 

100 intervals of the step 
micrometer covers as 
many intervals of the ob- 
ject micrometer as men- 
tioned below. (i interval 
equals Hoo mm.) 

M icromeier 
value in 
microns 
(0.001 mra.) 



Achromat 



42.0 

174 

' 

300 

30.0 

I 

0 

d 

154 

300 

30.0 

2 

24.0 

174 

150 

lS-0 

3 

16.2 

141 

100 

10,0 

30 

13.0 

IS 9 

70 

7.0 

4 

10. 0 

168 

50 

so 

5 

S -4 

152 

30 

30 

6 

4.0 ■ 

160 

20 

2.0 

7 

3-0 

174 


1-5 

Water 





immersion 





10 

2.1 

! 165 

10 

I.O 

Oil 


1 

j 



immersion 


1 



H2 

! 1.8 

1 

1 150 

- 

' I.O 


^ The tube length given has to- be observed strictly and this tube length i 
understood inclusive of the nosepiece. 



LABORATORY AND TEACHING METHODS 
Table of MiCROitETER Values.— 


of 

objective 

Focal length, 
lam. 

Mark at which 
the draw tube has 
to be adjusted 

100 intervals of the step 
micrometer covers as 
many intervals of the oV 
ject micrometer as men- 
tioned below. (I interval 
equals Jdoo mm.) 

Micrometer 
value in 
microns 
(0.001 mm.) 



Fluorite system 


6(1 

ja 

76 

8 

9 

4.2 

3-2 

30 

2.6 

2. 2 

180 

180 

152 

135 

168 

20 

IS 

^5 

10 

2.0 

1-5 

IS 

I 5 

1 .0 

Oil 

immersion 

1,8 

158 

10 

I.O 

Oii 1 

immersion 

He ' 

1.6" 

165 

8 

! 0.8 



Apochromats 


16 mm. 

16.0 

128 

100 

10. 0 

8 mm. 

8.0 

170 

40 

4-0 

4 mm. 

4.0 

160 

20 

2,0 

5 mm. 

30 

r48 

IS 

I'S 

Oil 

immersion ' 

3 mm, 

2.0 

168 

10 

1 I.O 


Step Micrometer 


The special features of the step micrometer (Stufenmicromcter) arc that ten 
titervals constitute one group; Each group is marked partly in white and partly 
II black. The black groups are accompanied by a white and the white groups by 
black figure. These two different markings facilitate considerably the measure- 
leats of specimens of the oppoate color. The grouping ol ten intervals to one 
listinct group allows a rapid and convenient count. The value of one interval of 
be step micrometer is o.o6 mm. 

Directions (Fig. acjff). — Object micrometer i mm. divided into loo parts to be 
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used. The step micrometer has loo mtervife distinctly indicated in the nMd(iie 
It is necessary to find the number of intervals of the object micrometer revered 
by loo intervals of the step micrometer, viz., with objective 3 (i6 mm.), at a tube 
length of 141 mm., 100 intervals of the step micrometer cover 100 intervals of the 
object noicrometer, equal to i mm. 

One interval of the step micrometer is as i ; loo = o.oi. or 10 micra. Mirrometer 
value = 10. 

With objective 6 (4 mm.) at a tube length of 160 mm. loo intervals of the 
step micrometer cover 20 intervals of the'object micromtfer = 
0.2 mm. One interval of the step micrometer therefore 0.2 = jqq 
— 0.002 or 2 micra. Micrometer value 2. 

This new micrometer eliminates the time-consuming measure- 
ment with three or more figures after the old method and is still 
more accurate. 

Comment.~M. Nobert of Griefswald in Prussia engraved lines 
more than 100,000 to the space of an inch. 

Laboratory Work. — Compute the various micrometric values 
according to the three methods outlined above. After determin- 
ing these values for the various combinations of which your 
microscope is capable measure the following objects: 

Spores of black mould, spores of slime moulds studied, various 
diatoms, etc. Practice these meiliods until you have perfected 
yourself in them. 

REFERENCES 

JBeale, Lionel S.; HotV to Work with the hlicroscope, 1S6S Uth. 
Edition), pp, 35-38. 

Behrens, Julius W., trans. by Rev. A. B. Hervey; The 
Microscope in Botany. A Guide for the Microscopical 
Investigation of Vegetable Substances, Boston, 1885, pp. 
f 20-133. 

Dolley, Charles S.: Notes on the Methods Employed in Biolog- 

ical Studies, 1889, pp. 18-20. 

Scale of step Gage, Simon Henry : The Microscope. An Investigation of Micro- 
microineter. scopic Methods and of Histology, 1899, pp. 100-108. 

LESSON 2 ■ 

Directions for Plugging Tesi-iubes and Flasks .— sterilization all test-tubes 
and flasks must be carefully plugged with cotton- wool, and for this purpose best 
absorbent cotton-wool (preferably that put up in cylindric one-pound cartons and 
interleaved with tissue paper) can be used (Fig. 209). 

I, For a test-tube or a small flask, tear off a piece of cotton-wool some lo ci». 
ong by 2 cm. wide from the loU. 
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Turn in the ends neatly ajid roll the strip of wool lighUy between the thumb 
fingers ol both hands to form a long cylinder. 

Double this at the center and introduce the now rounded end into the niouth 
^ the tube or flask. 

4. Now, while supporting the wool between the thumb and fingers of the right 
liand, rotate the test-tube between those of the left, and gradually 
the plug of wool into its mouth for a distance of about the 
ajDje length of wool projecting. 

The plug must be firm and fit the tube or flask, but not so 
lightly that it cannot be removed by a screwing motion when 
grasped between the fourth, or third, and fourth fingers and the 
palm of the hand. 

Roti^h Method of CttlUvating Bacteria and i. Make 

decoctions of split peas, cabbage, lettuce, hay, lima beans, broad 
tas and water lily leaves ^by boiling in water. Expose decoc- 
tions to air by placing in an open vessel. This gives the 
organisms introduced from the air. 

a. Boil a similar lot of material in a glass flask over a water 
bath. After material is thoroughly steamed, close opening of the 
flask with a cotton plug. Note result. 

3. Place untreated material in distilled water previously 
boiled. Plug the flask with cotton. This will serve as a control. 

This gives the organisms introduced on the material. 

ftr^i’derafo.^Flasks, cotton, water bath and Bunsen burner for 
these experiments will be found in the Culture Room. Perform 
ill experiments there. 

Other Materials. —Fracuic a loaf of dry bread, cut it into 
slices and place slices on a dinner plate. Wet bread until well 
soaked with water, cover with a bell Jar provided with wet filter 

paper. 

Similarly take horse manure, wet it and place under a bell 
jar, Place jars in a dark place. Inoculate the following culture potato slant rest- 
media with the spores of the various fungi that grow on the bread ing on a bit of 

and manure. For this purpose, use a platinum needle sterilized 
• ' a potato out of 

M Ik Bunsen Bamc. tk water in the 

Culture of Slime Moulds. — Compare: The Culture of Did' bottom of the 

yradim otatUfto^s (DiTtSAi) Fr. in Synthetic Media, Science, new tube, {After 

ser.,XL: 791, N»v. 27, 1914. f 

^ ^ Schneider, Phar- 

maceutical Bac- 

LESSON 3 teriology, p. 54,) 

Microscopic Study of Culture Matefial.~A study is to be made 
of the organisms raised in the culture media prepared as directed in Lesson 2. 

Hanging-drop Preparalion.~i. Smear a layer of vaseline (sterile) on the upper 
surface of the ring cell of a hanging-drop slide by means of the glass rod provided 
^th the vaseline bottle, and place slide on a piece of filter paper. 
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3. Flame a cx)ver-slip and place it on the filter paper on which rests the !- ■mu’ 

drop slide. ' 

3- Place a drop of water on the center of the cover-glass by means of the platiaum 
loop. 

4. Remove some of the material in the culture flasks by means of a platinum W 
and mix it with the drop of water on the cover-slip. 

5. Raise the cover-glass mth the points of a forceps and rapidly invert it on to 
the ring cell of the hanging-drop slide, so that the drop of fluid occupies the center 
of the ring. (In exact investigation, carefully avoid contact between the drops of 
fluid and either the ring cSl or the ring of vaseline. Should this happen, the in- 
fected hanging-drop slide and its cover-slip must be dropped into lysol solution and 
a new preparation made.) 

6. Press the cover-slip firmly down into the vaseline on to the top of the ring cell 
This spreads out the vaseline into a thin layer, and besides ensures the adhesion 
of the cover-slip seals the cell and almost prevents evaporation. 

7. Examine microscopically (vide infra). 

Microscopic ExamUiation of the Unstained M<Ucrial. — i. Place the tube of the 
microscope in a vertical position. 

2. Arrange the hanging-drop slide on the microscope stage so that the drop oI 
fluid is in the optical axis of the instrument, and secure it in the position by means 
of the spring clips. 

3. Use one-sixth inch objective, rack down the body tube until the front lens of 
the objective is almost ih contact with the cover-slip. 

4. Apply the eye to the eyepiece and adjust the plane mirror to the position 
which secures the best illumination. 

5. Rack the condenser dovm slightly and cut down the aperture of the iris 
diaphragm so that, the light, although even, is dim. 

6. Rack up the body tube by means of the coarse adjustment until the organisms 
come into view; then focus exactly by means of the fine adjustment. 

Some difficulty, is experienced at first in finding the hanging-drop, and if the iirsi 
attempt is unsuccessful, the student must not on any account, while still applying 
his eye to the eyepiece, rack the body tube down, for by doing so there is every' chance 
of breaking the cover-glass and contaminating the objective. 

The examination of fresh material in a hanging-drop is directed to the 
determination of ; 

1. The nature of the bacteria and other organisms present. 

2. The purity 0/ the culture. 

3. The presence or absence of motility. 

When the examination is completed and the specimen finished the slide with 
cover slip should in the study of contagious material be dropped into the lysol pot. 

Cf. Kisskalt, K.: Prakticum der Bakteriologie und Protozoologie, Zweile 
Auflage, Erster Teil (Bakteriologie), pp. io-i2 (1909), 

Mounting and Staining. — The mounting and staining of bacteria, protozoa and 
other microorganisms may be accomplished as follows: 

I. Take the square, or round cover-slip, which has been previously cleaned ont 
of the alcohol pot, dry it between filter paper. 
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j. Hold it in the bacteiwlogic forceps which are so constructed that a spring 
jolds the cover-slip firmly, while an enlargement of the wire handle permits the 
^cing of the forceps on the Uble whde the culture material is obtained- 

3, place several drops of distilled water on the cover-slip and add a loopful of 
j],e organisms secured from the culture media as described in this lesson and from 
the pnie culture in a test-tube as follows-, 

Remove the cotton plug by the third and fourth fingers of the left hand. 

3. Hold the open test-tube between the thumb and forefinger of the left hand. 

5, By means of a previously flamed platinum needle remove a little of the 
culture from the surface of the culture media. 

Replace the cotton plug. 

8 . Add the culture material to the drop of distilled water on the cover-slip 
and distribute this material by stirring. 

9. Evaporate the water on the cover-slip to dryness by holding it sopie distance 
jbove the Bujjsen flame and slowly enough to prevent convection circles being formed 
bv the material affixed to the cover. 

10. Pass the cover-glass three times rapidly through the Bunsen flame. 

11. Apply the stsrin, which should remain long enough to stain the objects, 
The stains to be used are described in detail below. 

12. Wash off the stain with distilled water either from a wash bottle, or from 
a bottle suspended some distance above the laboratory table. 

13. Dry between filter paper. 

14. Apply a drop of balsam, turn the cover-slip over and drop it into the center 
of a glass slide previously provided and cleaned for the purpose. 

Stains. — One of the most useful bacteriologic stains is; 

Ziehl’s Carbol Fuchsin, prepared as follows; 


Fuchsin (basic) i 

Absolute alcohol 10 

Carbolic acid (5 per cent, solution in water) 100 


The fuchsin should be dissolved first in the alcohol and then the two fluids 
mixed. 

Loejiler’s Alkaline Methylene Blue — 


Alcoholic solution of methylene blue (saturated) 3 ° 

Caustic potash i \ 

Distilled water 10,000 J 


This fluid retains its valuable properties for a considerable time and is an 
fxcelient stain. 

Ehrlich's Anilin-water GerUian Violet. 

Alcoholic solution of gentian violet (saturated) 5 

Anilin water 

This should be used as soon as prepared. It does not keep well. 
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Ehrlich-W eisert AnUin Methyl Violet. 

Alcoholic solution of methyl violet (saturated) 

Absolute alcohol 

Anilin water loo 

This preparation does not keep well. 

Gram's Stain. — This is a method of differential bleaching after a stain, Tht 
cover-glass preparations, or sections, are passed from absolute alcohol into Khrlich’ 
anilin gentian violet, or into a water> solution of methyl violet, where they remaii 
one to three minutes, except tubercle bacilli preparations, which remain commonl 
twelve to twenty-four hours (Gram) . They are then placed for one to three minute 
(occasionally five minutes) in iodine potassium iodide water (iodine crystals, potassi 
iodide 2 gr., water 300 c.c.), with or without first washing lightly in alcohol. 1 
this way they remain one to three minutes. They are then placed in absolute alcoho 
until suflSciently bleached, after which they are cleared in clove oil, and mountci 
in Canada balsam. By this method the stain is removed from some kinds of bacteri 
and not from others. Too much confidence must not be placed in this method, sine 
in some cases the removal, or non-removal of the stain from the organism depend 
on the length of exposure to iodine water. It would be better, therefore, to expo' 
all for the same period, e.g., two minutes. 

Delafidd's Ilcematoxylin , — To 100 c.c. of a saturated solution of ammonia aim 
add, drop by drop, a solution of i gram of hematoxylin dissolved in 6 c.c. of absulut 
alcohol. Expose to air and light for one week. Filter. 

Add 25 c.c. of glycerin and 25 c.c. of methyl alcohol, Allow to stand until th 
color is sufi 5 ciently dark. Filter, and keep in a tightly stoppered bottle. Tli 
addition of the glycerin and methyl alcohol will precipitate some of the ammoni 
alum in the form of small crystals. The last filtering should take place four or fiv 
hours after the addition of the glycerin and methyl alcohol. 

The solution should stand for at least two months before it is ready for usini 
This “ripening " is brought about by the oxidation of the haematoxylin into hsematii 
a reaction which may be secured in a few minutes by a judidous application of pei 
oxide of hytkogen (see Chamberlain, Methods in Plant Histology, p. 34). 

Safranin Gentian Viclet. — Stain two to three days in safranin (dissolve 0.5 graj 
safranin in 50 c.c. absolute alcohol, and after four days add 10 c.c. distilled water 
rinse quickly in water; stain one to three hours in a 2 per cent, aqueous solutii) 
of gentian violet, wash quickly in water. Transfer from stain to absolute alcoho 
clear in dove oil and mount in balsam. 

Otlwr itseftil stains in my cologic work are Fuchsia and Methyl Green, luchsi 
and Methylene Blue, Eosin Water, Eiythrosin and Add Fuchsin. For the prepar: 
tion of these and directions for using consult Chamberlain, Methods in Plant Hi: 
tology, and other books on microscopic technique. 

Neisser's Stain. — To differentiate between diphtbeiia bacilli and ]iseud( 
diphtheria bacilli, 

1. Cultivate the organisms on fresh Loeffler’s blood-serum at 34“ to ss^C. 
ten to twenty hours. 

2. Stain with acid methylene blue three seconds. 
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j. Wash. . 

Stain with Aq. Vesuvin five seconds, 
j, Wash, 
g. Mount. 

Diphtheria bacillus should show the polar granules stained bke and the body 
jfju-tt, Pseudo^phtheria show no polar gianules, 
ji^erbach’s Stain . — Auerbach, Leopold; XJntersuchungcn fiber die Spermato- 
^nese von Paludina vivipara. Jenaische ZeiUchrift fur Naturwissenschafl, jc: 
torS54- 

B. Acid fuchsin and Methyl green 
Ba. Simultaneous. 

I part methyl green 1 I. 

XQOQ parts of water J 
I part acid fuchan \ II. 

1000 parts of water. / 

To 50 grams of the red solution add i drop of 10 per cent, glacial acetic acid. 

Solution I: 3 parts 1 

Solution II: acid 2 parts J 

{f necessary to filter, use a filter paper moistened with solution 1, as the paper 
sbsoibs the methyl green. Take slides from alcohol and stain slides five to fiitten 
minutes, having dried the glass leaving only the sections moist before immersion. 
20° to 25° is best temperature; more heat hastens the absorption of methyl green, 
cold retards it. Place in absolute alcohol and destain five to fifteen minutes, or 
even an hour. 

Polychrome Methykne Blue . — See McFarland, Joseph: Pathogenic Bacteria 
ind Protozoa, igi2, p. 197. 

To a 0.5 per tent, aqueous solution of sodium bicarbonate add methylene 
blue (B X or “medicinally pure”) in the proportion of i gram of the dye to 100 c.c. 
of the solution. Heat the mixture in a steam sterilizer at ioo°C. for one full hour 
counting the time after the sterilizer has become thoroughly heated. The mixture 
is to be contained in a flask of such size and shape, that it forms a layer not more 
ttw 6 cm, deep. After heating, the mixture is allowed to cool, placing the flask 
ill cold water, if desired, and is then filtered to remove the precipitate w'hich has 
formed in it. It should, when cold, have a deep putple-ted color, when viewed in 
either layer by transmitting a yellowish artificial light. It does not show this 
color, while it is warm. To each 100 c.c. of the filtered mixture, add 500 c.c. of a 
0.01 per cent, aqueous solution of yellowish water soluble eosin and mix thoroughly. 
Collect the abundant precipitate which immediately appears on a filter. When the 
precipitant is dry, dissolve it in methylic alcohol (Merck’s reagent) in the proportion 
o.r grain to 60 c.c. of alcohol. In order to facilitate the solution, the precipitate 
is to be rubbed up with methyl alcohol in a porcelain dish, or mortar with a metal 
'Pitula, or pestle. 

This alcoholic solution of the precipitate is the staining fluid. It should be kept 
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ia a well-stoppered bottle, because of the volatility of the alcohol. If it becomes to( 
concentrated by evaporation, and thus stains too deeply, or forms a precijntate oi 
the blood smear, the addition of a suitable quantity of methylic alcohol \v\\\ corjec 
quickly such fault. It does not undergo any other spontaneous change except tha' 
of concentration by evaporation. 

Di fferential Staining (J Fungcus and Host Another useful method is se 

forth in the following: 

Vaughan, R. E.: A Method for the Differential Staining of Fungous and Hos 
Cells. Ann, Mo. Bot. Card., i: 241, 242. 


LESSON 4 

Liquid Nutrient Synthetic culture media (see Smith; Bacteria i 

Relation to Plant Diseases, 1: 197): 

Pasteur’s Culture Fluid (Yeasts): 


Ammonium tartrate 10 gr. 

Ashes of yeast 10 

Rock candy 100 

Distilled water 1000 c.c. 

Dissolve cold. 


NaegelVs Nutrient Solution. 


Calcium chloride 0. i gr. 

Magnesiu m sulphate ■ 0.2 , 

Dipotassium phosphate 1,0 

Ammonium tartrate 10.0 

Distilled water 1000.0 c.c. 

Cohn’s Nutrient Solution, 

Distilled water . 1000.0 c.c. 

Acid potassium phosphate S ■ 0 gf • 

M agnesiu m sulphate 5 0 

Neutral ammonium tartrate 10. 0 

Potassium chloride 0.5 


(DeBary, p. 86, Vorles. uber Bakterien, 2 Auflage). 

RauHn’s Culture Fluid. 

Distilled water 

Granulated cane sugar 

Tartaric acid 

Ammonium nitrate , . . 

Ammonium phosphate 
Potassium carbonate . . 


1500,00 c.c. Magnesium carbonate , , 0.40 

70.00 gr. Ammoniuni sulphate, . . 0.25 

4 . 00 Zinc sulphate 0.07 

4 . 00 Ferrous sulphate 0.07 

0.60 Potassium silicate. 0.07 

0,60 
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fmniowsH's Culture Fluid, 

D ipotassium phospha te 5 . o gr . 

Magnesium sulphate ^ 

Ammomum carbonate ^ ^ 

Calcium chlorixie q_j 

Distilled water looo . o c.c. 


Dissolve cold. Any desired sugar may be added as carbon, food, 
Moif Mayer*s Culture Fluid (Unters u-d, ale. Gahr., 1870). 


Magnesium sulphate 10 . 0 gr. 

Ammoniuin nitrate 15.0 

Tri- basic calcium phosphate 0.1 

Potassium phosphate 10,0 

Distilled water. •. 1000.0 c.c. 


Dissolve cold and add sugar. Add NaCl [3 per cent.), if it is to be used for 
uminous bacteria, and an excess of pure carbonate of lime, if acid- forming bacteria 
.le to be grown. 


DistlHed water 

Glycerin 

Sodium chloride 

Calcium chloride 

Magnesium sulphate. , . 
Dipotassium phosphate, 

Ammonium lactate 

Sodium asparaginate. . . 


1000 c.c. 
30-40 gr. 

s-f 

o.i 

0.3 to 0.4 
2 , 0 to 2 . 5 
6-7 

3-4 


Modified Uschinsky^s SGlution . — The modified Uschinsky’s recommended by 
inilth for use with starch jelly is made as follows; 


Distilled water . 1000,00 c.c. 

Ammonium lactate 5,00 gr. 

Sodium asparaginate 2,50 

Sodium sulphate ^ • 5 ° 

Sodium chloride 2.50 

Dipotassium phosphate ^ ■ So 

-Calcium chloride 

Magnesium sulphate 


Fmnkel and Vogw’ Solution. 

Water 1000 c.c. 

Sodium chloride 5 

Dipotassium phosphate ^ 

Ammonium lactate ^ 

Sodium asparaginate. ^ 

38 
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Hygienische Rundschau, Bd. iv, 1894, p. 769. 

Permits CuUure Fluid, 

Distilled water. 

Magnesium sulphate 

Add potassium phosphate 
Ammonium phosphate — 

Glycerin 

This may be added to agar in place of peptonized beef-broth (De |Schweiniiz' 
or to silicate jelly in which case the volume of water must be reduced. 

Knop’s Solution. 

Calcium nitrate (Ca(No3)2, gram — 

Calcium chloride (KCl), gram > 

Magnesium sulphate (MgSO*), gram . 

Acid potassium phosphate (KHaPO^, gram 
Distilled water, c.c 

McUsck’s Culture Medium {for luminous bacteti 

Water — 

Gelatin 

Sugar 

Pep ton 

Dipotassium phosphate 

Magnesium sulphate 

Enough sodium hydroxide is added to render the medium fully alkaline. On 
this substratum, the bacteria grow feebly and are not luminous until sodium 
chloride, or some equivalent substance, is added (usually 3 per cent.). Thenthej 
grow well and become luminous. 

Leberle-Will Culture Medium {for reasfj). — See KiisxER, Ernst: Kultur dei 
Mikrodrganismen, p. 143. 

CaHPO-i, gram. 

K2HPO4, grams 
MgSOi, grams. , 

Pepton, grams. . 

Water, liter 

Hansen’s CuUure Media for Yeasts. 



Per cent. 

Per cent. 

Pepton '. 

— I Pepton 

I 

Dextrose... 

— 5 Maltose 

. . . , 5 

Potassium phosphate. . , 

. ... 0.3 Potassium phosphate. . . 

.... 0,3 

Magnesium sulphate. . . 

0,2 Magnesium sulphate . . . 

. . . . 0.5 


0.50 
4-.<iS 
2.10 
20.00 
1. 00 


1 . 00 gr, 

f>-25 



o 25 

1000.00 c.c, 

■a). 

lOOO.OO c.c. 

100.00 gr. 

20.00 

10.00 

0-25 

0.25 


lOoo 0 C.C, 
0 2Br. 
r.o 
10.0 
45.0 
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Culture Medium f&r Pyronema confiuens.~~?>^ KiisiEBi, Ernst: 
jultur dcT Mikroorgamsmen, p. 152. Claussen places in a Petri dish a small glass 
and fills this to the rim with agar of the following formula; 

Per cent. 


Agar. 2.000 

Inulinpuriss 2.000 

KHzPOe. o . 050 

NHjNOj 0.050 

AIgSOi. . 0 020 

Fej(P04)j 0.001 

H10 95. 000 


The outer free margin of the Petri dish is filled mth inulin-free agar to a similar 
height as in the iriner glass dish. In the middle one, spores of Pyronema are. sown. 
After a few days th^ fungus will fruit on the inuUn free substratum. 

Tabeufs Cidture Medium for Dry-rot Fmgm—Scc Ktjsteh, Ernst: KuUur 
der Mikroorganismen, p. 154. 

Urams 


Ammonium nitrate ro 

Potassium phosphate 5 

Magnesium sulphate i 

Lactic acid 2 

Water 1000 c.c. 


Laboratory Work , — Each member of the class should make up at least three of 
the above culture media. In order to save material, if the class consists of four to 
six students, the full amount of materials can be used and the final amount of liquid 
dirided into four to six parts for the experiments of each member of the class with 
^ of the media made according to the above formulae. Where the class is smaller 
than four students, then one-half, or one-fourth of the materials should be used, 
assume of them are expensive chemicals. 

Inoculate all of the culture solutions with yeast obtained from a cake of Fleish- 
xiin’s compressed yeast. Sterilize the needle and add some of the yeast on the end 
ol the sterile needle. Study and note the growth of the yeast in the several culture 
media inoculated. Bacteria can. also be used. 

Fermenting Power of Different Yeasts . — Take a series of fermentation lubes and 
fill to the tops of the upright long branch with any of the liquid culture media used 
especially for yeasts. Inoculate one with dried yeast, one with brewer’s yeast, 
with compressed yeast, one with baker’s yeast and others with several of the 
jeasts kept in pure culture, and plug the open end with cotton. Compare the de- 
pression of the upright column of liquid in. the different fermentation tubes in order 
lo determine the relative amount of gas formed. 
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Raidin' s Medium for Moulds. 

"Grav js 


Cane sugar yo.oo 

Tartaric acid ' 4 

Ammomum phosphate 0.6:0 

Magnesium carbonate 0 , 400 

Ammonium sulphate 0 2:0 

Zinc sulphate o-7^o 

F er rous sulphate 0.07; 

Potassium silicate 0.070 


Water iSoo.ooc.c. 

Too complicated to be of much value. 

LESSON 5 

Potatoes as Medium. — Whole white potatoes are taken and washed with corrosive’ 
sublimate i;iooo. They are then wrapped in filter paper and steamed in the 
sterilizer about thirty minutes, the next day twenty minutes, the third fifteen 
minutes. The potatoes are then cut in two by a knife heated in a Bunsen flame. 
The cut pieces are laid in a large flat glass dish on a circular piece of filter paper, the 
glass dishes having been sterilized by corrosive sublimate. Inoculations are tliea 
made on the surface of the potatoes. This method is especially useful for tht 
growth of glanders, and chromogenic bacteria. 

Potato Juice. 


Grated potato, grams 100 

Water, c.c 300 


Mix and put in ice chest over night; strain off 300 c.c, through a cloth. Cook 
for one hour in water bath, filter and add 4 per cent, glycerin. Sterilize. Do not 
neutralize as best growth of tubercle bacillus is obtained when the juice is add. 
Growth is rapid and luxuriant, but non-virulent (Archiv fur Hygiene, XVi). For 
culture in tubes with potatoes. Use knife designed by Ravenel, which is used in 
the same manner as a cork punch (Fig. 210). The semi-tubular pieces of potato, 
punched out, are beveled by a slant cut and placed in a test-tube which is laid 
flat with flat side of the potato down to prevent warping; the whole is then steriliied 
by the intermittent German process. After sterilization, it is sometimes advisable 
to add glycerin soaked in a cotton plug, to the test-tube in order to prevent drying 
A specially designed test-tube (Fig. 211) is used so that the cut piece of iwtaK 
can be introduced at the top and the glycerin in the enlarged bottom. 

Giycerinated Potato. — i. Prepare ordinary potato wedges, 

2. Soak the wedges in a 25 per cent, solution of glycerin for fifteen minutes. 

3. Moisten the cotton-wool plugs at the bottom of the potato tubes with a 25 
per cent, solution of glycerin instead of plain water. 

4. Insert a wedge of potato in each tube and replug the tubes. 

5. Sterilize in the steamer at too°C. for twenty minutes on each of five consecutive 
days. 
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aycin Potalo Broth.-i. Take i kilo of potatoes, wash thoroughly in H ,0 
peel and grate finely on a bread grater, ’ 

i, Weigh the potato gratings, place them in a e-liter flask, and add distilled 
Bter in the proportion ol i c.c, for every gram weight of potato. Allow the flask 
to stand in the ice chest for twelve hours. 





Fig. 210,— Knife jmneh designed to Fig. 2 u. -Culture tube with bulb 
utcylinder of potatoes and other vegeta- to hold glycerine and water below 
les for insertion as slant cylinders in slant of vegetable, 
ist'tubes as culture media. 


3- Strain the mixture through cheese cloth and biter into a graduated cylinder, 
ote the amount of the filtrate. 

4- Place the filtrate in a flask, add an equal quantity of disUIlcd water, and 
'at in a steam sterilizer for an hour. 

5- Add glycerin, 4 per cent., mix thoroughly and again filter. 

6 Tube and sterilize in the steamer at ioo°C. for twenty minutes on each of 
ree consecutive days. 
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LESSON 6 

Solid Vegetable Substance (Fig. 210).— These should consist of slant oUnder' 
(Fig. 211) in cotton-i^ugged test-tubes with some distilled water and steamed twenty 
minutes at ioo°C. on each of three consecutive days or at the same temper uure (ot 
over an hour. Discontinuous sterilization is best. The following are sonsc of the 
vegetable substances recommended : 

1. Potato 7. Salsify 13. Peanuts 

2. Sweet potato 8. Parsnip 14. Brazil nuts 

3. Carrot 9. Onion 15. Apple 

4., Sugar beet 10. Tulip bulb 16. Pear, or quince 

5 Turnip ii. Banana 17. Pineapple 

6. Radish 12. Coconut 18. Macaroni 

This list may be extended almost indefinitely. The method of preparation d: 
these solid vegetable substances for the test-tubes is fully described in Lesson 5. 

Oat Meal. — Put 10 grams of oatmeal in looo-c.c. Erlenmeyer flask. Add 200 
c.c. of distilled water. Stir until thoroughly mixed and autoclave for twenty-five 
minutes at i20®C. 

Corn Meal 

10 grams + 10 c.c. of water. 

10 grams -|- 15 c.c. of water. 

10 grams + 20 c.c. of water. 

LESSON 7 

Plant Juices (With and without the addition of water). — Hay Infusion. 

1. Weigh out dried hay, 10 grams, chop it up into fine particles and place in aj 
flask. 

2. Add 1000 c.c. distilled water, heated to 7o”C. Close the flask with a solid 
rubber stopper. 

3. Macerate in a water bath at 6o'’C. for three hours. 

4. Replace the stopper by a cotton plug, and heat in the Arnold sterilizer at 
ioo®C. for an hour, 

5. Filter through filter paper. 

6. Tube and sterilize in the Arnold sterilizer at ioo*C. for one hour on each of 
three consecutive days. 

Orange Juice. 

1. With a wooden, or metal lemon-squeezer remove the juice from one or several 
oranges according to requirements, 

2. Filter through ordinary filter paper. 

3. Add to the test-tubes provided for the purpose. 

4. Plug the test-tubes with cotton. 

5. Sterilize on three consecutive days. 
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jPfKflo J tdce. 

I. Take a dozen or two of prunes and boil tbenwin water until the water is decitl- 
^\y colored with the prune extract. 

j. Add this prune juice to test-tubes and plug, 

j Sterilize on three consecutive days. 

Coconui Ifofef.— This is remov(^ directly from the nut to sterile test-tubes hy 
neans of sterile pipettes, which are useful in many ways. The pipettes should be 
jry-heated and kept from contamination, or in long, narrow, covered tin boxes. 

Wheat (After Eyre and Gasperini). 

I. Weigh out and mix wheat flour, 150 grams; magnesium sulphate, 0.5 gram; 
jolassium nitrate, x gram; glucose, 5 grams. 

i. Dissolve the mixture in 1000 c.c. of water heated to ioo°C. 

j. Filler through filter paper. 

4, Fill test-tubes and sterilize on three consecutive days. 

Plant Decoctions, or Infusions in General (After Heald),— Liquid media contain- 
dg the soluble nutrients derived from various plant structures are of special value 
n dealing with fungi and may be used with bacteria, although they are not so 
m[)ortant for these organisms. By the selection of parts of a host plant for making 
medium lor the growth of the attacking fungus, it will be provided with food nearer 
0 its immediate needs than from the standard nutrient media. Plant decoctions 
iiy be used as liquid media, or they may serve in combination with other media 
olidified by gelatin^ or agar. 

Some of the most valuable plant decoctions are obtained from fruits, seeds, root 
parts and other plant organs. Decoctions may he made from fresh plant parts as 
sweet potatoes, beets, turnips, carrots, celery, bean pods, plums, apples, etc., or 
iiid plants such as dried apples, dates, beans, leaves, etc. 

In preparing either decoctions, or infusions, it is well to liave the parts employed 
Id a finely divided state. The parts may be run through a food chopper or ground 
finely by a small coffee mill. The pharmaceutic standard should be selected for 
decoctions and infusions, i.e. 1000 c.c. should contain the soluble constituents of 
50 grams of dry weight of the product employed. To secure uniformity of compo- 
sition the following table can be used in determining the weight of the fresh product 
to be employed. 


Table to Determine Amount of Dry Substance to be Used 



' Water 

j Dry i 

Approximate weight 

Name of plant organ 

content, 

1 substance, 

yielding 5V grams of 


per cent. 

per cent. 

dry substance, grams 

i’fltato . 

75 

i ^5 

■ 200 

>«gar beet 

82 

; 18 

275 

iarrot 

.... 87 

'i ^3 


ielery 

84 

i 16 

( 

i 315 

-eaves (young 

.... 75 

i 

200 

■eaves (mature) 

55 

: 45 


hrk (fresh) 

..... IS 

: 85 

j 60 

lark (air dry) 

7 

1 

1 ^ 

5 S 
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Diredions f<?r Mahing Planl Infusim. 

1. Add i<x>o c.c, of boiling distilled water to So grama dry weight of 
stance of the equivalent, chopped or ground fine. 

2. Macerate in a closed vessel for thirty minutes. 

3. Strain through cheese cloth or filter as for other media and pass dist[i!./(l 
through the filter to make 1000 c.c, If a clear medium is desired the white of ar 
egg may be added. 

Directions for Making a Plant Decoction, 

1. Add 1000 c.c, of cold distilled water to 50 grams dry weight of the substance 
or the equivalent, chopped or ground fine, 

2. Heat in a cooker over a gas burner and boil for fifteen minutes, stirring suffi. 
ciently to prevent burning, 

3. Filter as for infusion and clear, if desirable. Decoctions are preferable t( 
infusions since there will be a somewhat more complete extraction of the nutrients 

Laboratory Study . — In the use of the culture fluids observe the rapidity, deasilv 
and persistency of the growth. Record the formation of acids, alkalis, odors, gas 
bubbles, stains, etc. 

LESSON 8 

MUk . — Nearly all bacteria grow in milk. Ordinary cow's milk is used. Thj 
cream is separated off and the skim milk used. Ordinary milk as sold is contami-l 
nated with fecal bacteria, those found in cow’s dung and around stables. Conse- 
quently the milk before it is used must be thoroughly sterilized. It may be used 
in this form, or a tincture of blue litmus is added until a pale blue color is obtained. 
Different organisms react differently with this milk; some render the litmus more 
deeply blue, others are indifferent, .some give an acid reaction. 

The milk should not be acid to taste and should not contain formaldehyd, or 
other antiseptic substance which milk dealers sometimes add to milk to improve its 
keeping qualities. It should be steamed in wire-crates fifteen minutes at ioo°C, 
on each of four consecutive days (roo*c.c. portions in test-tubes) and should not be 
used until at least a week after the last steaming. Such milk should be kept under 
observation at least six or eight weeks. 

Litmus milk is prepared from fresh milk which has been passed through a separa- 
tor (centrifuge) or from milk which has stood eighteen or twenty hours at 20T. and 
has had the cream removed by skimming. To each 100 c.c. of this milk is addd 
2 c.c. of a saturated solution of high-grade lime-free blue litmus (litmus i gram, waiei 
IS c.c.). This gives a lavender color of just the right degree, which reddens distinctlj 
under the action of acids and blues with the development of alkalis. After addini 
the litmus water, the milk should be pipetted in lo-c.c. portions into cotton pluggef 
test-tubes and heated as directed above. This is a very useful medium. 

LUmus Whey (After Eyre). 

1. Curdle fresh milk by adding rennet (or by acidifying with hydrocldoric arid 

2. Filter off the whey into a sterile flask. 

3. Heat in the Arnold sterilizer for one hour. 

4. Filter into a sterile flask. 
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Tint the whey with Utm\is sdulion to a deep purple ted. 

5 Tube, and sterilize as for itylk, 

laboratory Siudy.—Milk offered for sale in cities is frequently more than forty- 
fight ho^rs old and often contains 3,000,000 to 6,000,600 bacteria per cubic centi- 
iceter. Such milk is not fit for laboratory use. 

Observe in patUcular-. 

(a) The separation of the casein without the development of any acid, indicating 
,j,e presence of lab, or rennet, ferment. The milk usuaUy becomes more alkaline. 

(h) Saponification of the fat. The fluid becomes transparent without any pre^ 
cipitation of the casein; but the caseinogen may be thrown down subsequently by 
acidifying the clear liquid. 

(c) Ropiness. The liquid becomes viscid and strings when touched. 

(d) Formation of acids. 

{e) Resolution of precipitated casein (trypsin ferment); formation .of cr)'stals, 
tyrosio, Icucin, etc. 

(f) Gelatinization of old cultures. Milk alkaline. 

(g) Changes in smell, color, taste. 

Beerwort. — Beerwort obtained from the brewery is put in test-tubes witli cotton 
plugs. These test-tubes are then sterilized by discontinuous sterilization and then 
inoculated. It is a useful medium for the culture of yeasts, 

Beerwort may be added to agar, or in the cultivation of moulds for class study 
it may be used to soak bread or other material on which the moulds are to be 
cultivated. 

LESSON 9 

Bouillon. — Bouillon forms the nutrient basis for culture media. It is made up 
in the following proportions, a certain amount of water being used: i per cent, pep- 
tone, .5 per cent. NaCI and .5 per cent, beef extract are added and the liquid 
boiled. Thus for i liter of H^O 

10 grams peptone 1 

5 grams salt ? are added, 

5 grams beef extract j 

Ttiis solution has a slight acid reaction and is neutralized by 10 per cent. NaOH 
until it is no longer acid to blue litmus, but is still acid to phenol phtalein. Bouillon 
is used either alone or with other media in combination, 

Fmh Bouillon. — Prepared by digesting fresh veal (3 pounds) in water over night. 
This mass is then pressed until the water and dissolved juice are separated from the 
meat fiber. After filtration, the liquid is brought to a boil and a coagulation of the 
ilhuminoids present takes place. The liquid is again filtered and is found to be 
decidedly acid. In one case it was found that 3 pounds of veal made 2800 t.c. of 
liquid beef tea, or meat extract, which consists essentially of the salts of the meal. 
To make the regulation bouillon, to this liquid must be added salt and peptone 
according to the following proportion. Glycerin may Ire jidded for the growth of the 
ttibeide bacillus. 
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2800 cx. Water extract beef 

^8 grams Peptone 

14 grams Satt 


(Bouillon alone) 


140 c.c. Glycerin 

After boiling, to this is to be added enough of 10 per cmt. NaOH to nesjiraliiTc 
the acidity of the meat extract. It must be neutralized until it is alkaline tc> blue 
litmus and acid to phenolpthaiein. It is again filtered and is ready for use. Tu- 
bercle bacilli grow exceptionally well in this second solution. 

Fresh Bomllon (Another formula). — Standard peptonized beef bouillon is made 
as follows: To 500 grams of finely minced lean beef add 1000 cx. of distilled water. 



Fig. 212. — Diagram illustrating construction and action of Arnold steam sterilizer. 

(Fig. 15, p. 3g, Schneider, Pharmaceutical Bacteriology, 1912,) 

The soluble parts may be removed from the meat by allowing the water to stand 
on it for twenty-four hours in the ice chest or for one hour in the water bath at 55‘’C. 
The second method is perhaps preferable. Then boil for sixty minutes either in the 
Steamer, or in a covered dish. Filter through clean cloth, using pressure (meat press), 
cool, and remove fat by filtering through filter paper; make up to 1000 c.c. by addi« 
Lion of more water; then add i per cent. Witte’s peptonum siccum and. 0.5 per cent, 
c.p. sodium chloride. Steam one-half hour, filter, cool, titrate, add required alkali, 
steam again for one-half hour, filter pipette into test-tubes or flasks, and autoclave or 
heat for a minimum time in the Arnold sterilizer (Fig. 212). Plugs should be well 
made and fit tightly; glassware should be scrupulously clean. For some purposes 
both the peptone and the salt should be omitted. A greenish bouillon indicates 
insufficient boiling, and wOI usually throw down some additional Vexatious pre- 
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when heated in the test-tubes. Other meats may be substituted for bed 
0(\ other peptones for Witte. ' 

Qlyccrin Bouillon. 

1. Measure out nutrient bouillon, looo c.c. 

2, Measure out glycerin, 60 c.c. ( = 6 per cent.) and add to the bouillon. 

5, Tube and sterilize as for bouillon. 

5 ag-jf Bouillon. 

1. Measure out nutrient bouillon, 1000 c.c. 

2. Weigh out glucose, 20 grams ( = 2 per cent.) and dissolve in the fluid. 

3. Tube and sterilize as for bouillon. Ordinary commercial glucose serves the 
purpose equally well, but it is not recommended, as during the process of steriliza- 
tion the medium gradually deepens in color. In certain cases a corresponding per- 
centage of lactose, maltose, or saccharose, is substituted for glucose. 

LESSON 10 

Eu Absolutely fresh eggs should be used. The end of the egg from 

tthich the albumen is poured must be thoroughly flamed before it is broken, and care 
must be used in the transfer to test-tubes, so as to exclude air-borne germs; other- 
wise, the sterilization will be difficult. By being placed in a steam sterilizer and 
sterilized by intermittent sterilization for three days, care being taken to leave ojjf the 
mroj the slenliz& (Fig. 211), the albumen will be found to be white, quite hard 
and ready for use. If the lid of the sterilizer is kept on and the heat becomes too 
great, bubbles will form in the albumen and thus spoil its usefulness. The albumen 
of eggs may be cut with sterile scissors. 

Egg Albumen (After Eyre, The Elements of Bacteriological Technique, 1902: 
160). 

1. Break several fresh eggs (hens’, ducks’, or turkeys’ eggs) and collect the 
“whites" in a graduated cylinder, taking care to avoid admixture with yolks. 

2. Add. 40 per cent, distilled water, and incorporate the mixture thoroughly by 
aid of an egg whisk. 

3. Weigh out o.is per cent, sodium hydrate and dissolve it in the fluid (or add 
the amount of decanormal caustic soda solution (see infra) calculated to yield the 
required percentage of soda in the total bulk of the fluid— r.e,, 0.375 c.c. of deca- 
nortnal NaOH solution per 100 c.c. of the mixture. 

3(1. Glucose to the extent of i or 2 per cent may now be added, if desired. 

4. Strain the mixture through butter muslin and filter through a porcelain 
61 tet candle into a sterile filter flask. 

5. Tube, and stiffen at ioo®C, in the serum inspissator, or in tlie steam sterilizer 
the lid off. 

C. Incubate at 37®C. for forty-eight hours and eliminate any contaminated tubes; 
store the remainder for future use. 

Egg TohL— This is poured into test-tubes and solidified in a slanting position by 
heat, or the egg may be boiled hard and the yolk cut with a sharp knife and 
transferred to sterile petri dishes. If desired the yolk* and white may be mixed 
Ixifore solidifying, *.e. by shaking the egg vigorously before breaking the shell. 
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Solidified Blood-serum . — As this medium is rather difficult to obtain ami irepare 
being one of the most difficult to make in culture work, the plant mycologist must 
in general obtain blood-serum from the animal bacteriologist. Near Philadi iphia it 
can be purchased from the laboratory of H. K. Mulford & Co.,’ Glenolden, Py. Xhe 
solidified serum may be used either plain or with the addition of grape sugar. 

Fresh Serum How Obtained . — Procure blood by a sterile method from a horse 
or a cow, and stand it aside in a cool place, breaking the clot from the side of Jhe jar 
until the amber-colored serum rises to the surface, when it is to be drawn o(T. It 
is then filtered and measured off. To 3 parts of this serum, 1 part of bouillon, pre- 
pared in the ordinary way, is to be added. The mixture of bouillon and serum is 
then to be filled into the sterile test-tubes, care being taken to slant the tubes. By 
being placed in a steam sterilizer and sterilized by intermittent sterilization for three 
days, care being taken to leave off the cover of the sterilizer, the serum will be found 
to be white and quite hard and ready for use. If the lid of the sterilizer is kept on 
and the heat becomes too great, bubbles will form in the serum and thus spoil the 
usefulness of the hardened serum. 

Before filling the tubes, care must be taken that the mixed serum and bouillon 
are thoroughly neutralized by NaOH. As blood-serum is rarely used in mycologit 
work, the above notes are given merely for reference. The teacher will probably 
find it convenient to omit this part of Lesson 10 entirely. 

LESSON 11 

Nutrient Gelaiin.—To 1000 c.c. of sterile peptonized beef-bouillon add 100 grams 
of best quality gelatin. Soak two hours at room temperature, then steam fivf 
minutes, cool, titrate, add the necessary alkali, steam thirty minutes, filter througli 
filter paper, wash with sterile boiling hot w'ater, tube at once, and heat in thcstcaraci 
on three successive days fifteen minutes, ten minutes and five minutes respectively 
at ioo°C. Do not autoclave, and carefully avoid long heating in the steamer. 
Have all glassware sterile, the fluids sterile and sufficiently boiled to begin with. 
The very best English, French or German gelatins should be used. +10 or -}-i5 is 
a good degree of alkalinity for many purposes. 


Sugar Gelatin. 

Water, c.c 600 

Peptone, grams 6 

Salt, grams 3 

Beef extract, grams 3 

Glucose, grams 6 

Gelatin, grams 60 


The gelatin is added as the mixture in water is brought to a boil. The mixture 
is cooled down to 60'’ below the coagulating point of albumen and the white of two 
eggs for every 1000 c.c. of water added. It is then brought to a boil, the albumeo 
coagulates and clarifies the medium. The fluid is then filtered through filter paper 
previously wetted with boiling water. A funnel with wire support for filter paper is 
to be preferred for ease in filtering. 
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Gelalin (Another forn^ula).— Prepare nutrient gelatin and weigh out 
glucose 20 grams ( = 2 per cent.) and dissolve in the hot gelatin. Filter, tube and 
jterilizc a.s for nutrient gelatin. In certain cases, lactose, maltose or saccharose in 
similar percentages is substituted for glucose. 

lilnuis G^n.—Prepare nutrient gelatin, add sterile litmus solution, sufficient 
to tint the medium a deep lavender color, tube and sterilize as for nutrient gelatin, 

LESSON 12 

A^iU-agar— To make i liter of agar-agar take 

,4, Dried peptone (i per cent.), grams. . 10 
Common salt (0.5 per cent.), grams. . $ 

Liebig extract (0.5 per cent.), grams. 5 

Water, c.c... 500 

Boil for three minutes and neutralize, 

B. Agar-agar ( i . 2 per cent. ) , {in shreds, or as 

flour) grams 12 

Water, c.c 500 

Chop the agar and put into autoclave (Fig. 

213). Run autoclave up to two atmospheres of 
pressure, giving i2i.4°C. of heat. As soon as 
this pressure is reached, turn out the flame, and 
allow the autoclave to cool until below ioo®C. be- 
fore opening. The two solutions A and B are 
then mixed, cooled to 60‘^C., the whites of two 
eggs beaten in 50 c.c. of water added, well stirred 
in, and the whole then boiled, the solidified albumen 
an J precipitate skimmed off and the residue filtered 
through paper. Frr,. 213.— Usual form of 

The whole process requires only an hour and laboratory autoclave for sterili- 
a quarter to an hour and a half, and the result nation wlh steam under pres 
. sure (Fig i6,p. 40,.>cBK«ff^r, 

IS a most exceUent felly. Instead of the white of pf^^’y^naceutical Bacieriobgy, 
egg, blood-scrum may be used, which seems to 1912.) 
add also to the nutritive value of the medium. 

Agar made with meat extract will often form a precipitate during the sterilization, 
tthich is objectionable if one wishes to use it in the pouring of Petri dishes, or the 
•leaking of Esmarch’s roll- tubes. 

Agar with Fresh Meat . — To make an absolutely and permanently clear agar, 
fresh meat should be used as follows: 

To make i liter, take; 

A. Chopped meat, grams 

Water, c.c ■ ■ ; • • 

Mix and place in cool place over night, then strain through towel. 

B, Agar-agar (1.2 per cent.), grams f 

Water, c.c 
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Put iu autcdave, run up to two atmospheres of pressure, put out^Bame, .lini 
to cool until below ioo°C. before opening (Fig. 213). Let the solution of iL’ar cool 
still further to about 75'^C., and then mix A and B, add (i per cent) 10 grunis cjjj^ 
peptone and (0.5 per cent.)' 5 grams common salt, bring to a boil for about three 
minutes, neutralize and filter. The product is an absolutely dear jelly, which 
never forms any predpitate. The whole process, with the exception of the time 
the meat is steeping, requires only about one hour and a half. In both the above 
methods of making agar, the filtration is very quick— from ten to twelve minutes 
for the liter. It is not necessary to use a hot- water funnel, but wet the filter paper 
with boiling water immediately before pouring in the agar. In the process with 
fresh meat I the clarification is effected by the coagulation of the albumen in the 
meat water, hence soludon B must not be added to A until cool enough to avoid 
coagulation. In general the fresh meat is to be recommended, and the process is 
easier than with the meat extract, though the latter has the advantage of cheap 
ness and convenience, since the meat extract can always be kept on hand, and the 
time lost in soaking’^the fresh meat is saved. 

Methods of Inoculations of Agar-agar . — Agar is stored in test-tubes in one of t wo 
ways, viz.; as a straight, or cylindric medium; or, ^ an oblique, or slanted medium. 

1. Oblique or slanted medium. Here the medium has been allowed to solidify 
with the tube in an inclined position, thus forming a flat surface extending nearly 
to the mouth of the tube. Such slanted agar is used for “streak” (Strich cultur) 
or “smear” cultivations. 

2. Straight, or cylindric, medium. Here the medium forms a cylindric mass ic 
the lower part of the test-tube and the upper surface is at right angles to the lon^ 
axis of the tube. Such a cylindric medium is suitable for stab culture when the 
platinum needle is thrust deeply into the substance of the medium with the needle 
held vertically. 


LESSON 23 

Various Nutrient Agars.— fn addition to beef bouillon, or in place of it, various 
substances organic and inorganic may be added to the agar with advantage. 

Litmus laetdse agar is made out of ordinary nutrient agar by adding milk sugar 
and enough pure litmus to give the tests. To 1000 c.c. of ordinary agar, preferably 
that made from bouillon free from musde sugar, add 10 grams of c.p. lactose and 
20 c.c. of a saturated (water) solution of c.p. (lime-free) blue litmus. 

Glycerin agar, maltose agar may be made with any amount of the substance 
desired, generally i or 2 per cent. (1000 c.c, agar plus 50 c.c. Schering^s c.p. glycerin). 

Beerwort agar is conveniently made in i or 2 per cent, combinations of beerwort 
and ordinary agar. Take a measured quantity of agar by volume and after it is 
liquefied in the steam sterilizer add enough beerwort by volume to make a i or j per 
cent, quantity of that liquid. 

Glucose agar is a useful culture medium. Take i or 3 per cent, of glucose by 
weight (i gram = i c.c. by volume) and add to a measured volume of agar in the 
liquid form. 
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j)tx:rose Agar. 

Dextrose, grams 

Agar, grams. . — : 

Water, c.c 

Nutrient solution (same as for cellulose agar) c.c. 


10 

15 

500 

500 


Hesxc and liiedner's Nutrient Agar for Water Bacteria (Smith, p. 196), 


Distilled water, c.c 

N^rstofi Heyden, an albumosc, grants 
Agar-agar, grams 


980. 
7-5 
12. 5 


This agar is said to be the most suitable medium for the bacteriologic examina- 
tion of water. It gives a much larger number of colonics than ordinary agar. It 
rajiiires no neutralising. The poured plates are counted according to Dr. Robin 
on the ninth and tenth day. Chromogens are brilliantly colored (Zeitschr. fiir 
Hygiene, Bd. XXIX: 454-462; see also Amer. Journ. Pharm., LXXVl; 112). 



Fig. 214. — Manner of holding test-tubes in making subcultures, {Afler William!; 
in Schneider, Pharmaceutical Bacteriology, p. 54.) 


Prune Agar (C. S. Shear and N. E. Stevens, Cultural Character of the Chest- 
nut niight Fungus and Its Near Relatives. Circular No. 131, U. S. Bureau of 
Plant industry). — Take four ordinary prunes and add i liter of ^Yatcr, Boil over 
an open flame for one hour, being careful not to break the skin of the prunes. Strain 
through gauze, make up to the original amount with distilled water and add 2 per 
cent, of agar. Steam for three-quarters of an hour, filter and tube. Autoclave for 
6fleen minutes at H5°C. (Fig. 213). 

Media for MtMFmgi (Dr. Caroline Rumbold), 

1. Pure gelatin lo per cent., 20 per cent. Bausch and Lomb imported seal gelatin. 

2. 6 per cent gelat^, 2.5 per cent Liebig’s extract, i per cent citric acid. Cox’s 
gelatin can also be used. This was more successful than the golden seal gelatin. 
This with i per cent, citric acid solidified. 

Laboratory Work. — Inoculate any or all of the several nutrient agars with several 
of the stock cultures of fungi. Note the rate of growth and differential character of 
the growth on the different media (Fig 214)* 
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LESSON 14 

General Directions for Making Plant Agars. — Plant agars of various k ids ma 
be made by substituting the desired decoction (made as directed later i fo? 
bouillon and each looo c,c. of agar should contain the soluble nutrients from . 
grams of dry weight of the plant structure used. 

Decoctions (F. D. Heald) are made by adding looo c.c. of cold distilled water to 
SO grams dry weight of the substance. Heat in a steam sterilizer and noil fo; 
fifteen minutes. The following data are applicable in this connection. 


Table of Dry Contents 


Materials 

Water 
content, 
per cent. 

Dry 1 

substance, 
per cent. 

Approximate, weight 
giving 50 grams of dry 
substance, grams 

Potato ; . . . 

75 

25 

200 

Sugar beet 

82 

■ 18 

275 

Carrot 

i 87 

13 

390 

Celery 

■ 84 

16 

313 

Corn meal 

i 

17 

300 


Corn Meal Agar.—This nutrient medium is made by taking 300 grams of corn 
meal and adding 1000 c.c. of distilled water. Heat it in a cooker over a gas burner 
and boil for fifteen minutes. The decoction is then made up with agar being used in 
place of bouillon. Clinton (Conn. Exper. Sta. Rep. 15^07-08: 898) gives these 
directions for making corn meal juice agar. With a 50 -(- 10 + 500 formula; that is, 
so grams of dried corn meal ( = 300 grams of wet corn meal), 10 grams agar-agar 
and 500 c.c. of water. ■ The corn meal is made into a decoction by using not over 
500 c.c. of water strained through fine cloth, the agar-agar is added, heated long 
enough to mix agar-agar and filtered. 

Corn Meal Agar (Another Formula). —To 50 grams of corn meal add 1 liter of 
water. Keep in a water bath for one hour at a temperature of 58® C., nei' er over 60". 
Filter through paper, add i}i per cent, of agar flour, steam for i )4 hours, filter and 
tube. Autoclave for fifteen minutes at ii5°C. Corn meal agar made by the above 
formula generally tests -t-3. 

Lima Bean Juice Agar (Cunton: Conn, Exper. Sta. Rep. 1907-08; 898).— Use 
a 50 -b 10 + 500 formula; that is, 50 grams of dried ground lima beans, 10 grams of 
agar-agar and 500 c.c. of water. The beans are ground as fine as possible with a 
fruit grinder, and then 50 grams are soaked one-half hour in tepid water (use as 
much water as necessary, but of course not to exceed 500 c.c. finally) and then 
simmer slightly for another half hour. Strain o 2 the liquid through a fine wire 
strainer, add agar-agar (better dissolve in a small amount of water) and add water 
necessary to make 500 c.c. of medium; heat long enough to thoroughly mix the agar- 
agar and strain through fine cloth into test-tubes. 
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LESSON 15 

Poliilo Juke A^ar {iso + 10 + 500).— Take 150 grams of peeled potato, slice 
ttbin, soak it in tepid water and allow it to simmer for half an hour. The juke 
■ used ^ ^ bouillon in making the agar-agar. 

Potato Agar. Tut clean pared potatoes rapidly through a grater and immedi- 
itely throw into the required quantity of distilled water, which should be used in 
atio of 2 C.C. of water to i gram of the potato. Then put in the Arnold sterilizer, 
ioak the agar in water (r gram of agar to 100 c.c. of water), add to the potato and 
pjj thoroughly (Washington formula). 



Fig. 215. — Square form of Arnold steam sterilizer, showing two front doors as 
recommended by the Boston Board of Health. (Pig. i?. p. 42. Schneider, Pharma- 
ceulical Bacteriology, 1912.) 

Md T. Cook's Formula . — Cook says 500 grams in 500 c.c. of water, 10 grams of 
iigar in 500 c.c. of water. 

Dr. Caroline Rumhdd^s Formula . — The freshly grated potato, 500 grams in 500 
cc.of water, is put in the Arnold steam sterilizer and heated up to ^o'C. Part of 
lliepulp is strmned through cheese cloth. 7.5 grams of agar are soaked in 500 c.c. 
^distilled water and before the agar has dissolved, it is put i^ito the potato, and 
lilt whole thorughly mixed. It is then steamed by discontinuous sterilization 
% 215). 

McBetk and Sedes Formula (McBeth, I. G. and Scales, F. M.: The Destruction 
39 
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o{ Cellulose by Bacteria and Fungi. Bull. 266, Bureau oi Plant Industry, i g t ^ 

— Pare, steam and mash a quantity of potatoes. To loo grams of mashi:;i potat 
add 800 c.c. of tap water and steam for one-half hour; filter through cotton. 


Potato solution, c.c 500 

Agar, grains 15 

Nutrient solution, c.c 500 


Potato Agar (Another formula). — Put dean pared potatoes through a mgai 
grinder. To 1000 grams of the potato pulp add an equal quantity of distilled water 
Stir thoroughly and let stand in an ice box for an hour, with occasional stirring 
Strain through gauze of medium mesh. Make up to three times the weiglit of 
original pulp with distilled water. Strain for one hour, filter through cotton and 
paper and make up to 3000 c.c. with distilled water. Add per cent, of agar 
flour, steam for one hour, filter through cotton and paper, tube and autoclave for 
fifteen minutes at i I5®C. ; As thil potato agar varies widely in acidity, to reduce thb 
variation a large quantity of potato juice made from a uniform lot of Burbank po- 
tatoes is used. This is placed in iboocc. flasks tightly plugged and kept in a refrig 
era tor. The juice is then made up in agar tubes as needed. It was found that thi; 
agar varied less than i per cent, in acidity, changing from +7 to -|-6 during fin 
months. 


LksSON 16 

Starch Agar . — To 800 c.c, of boiling water add 10 grams of potato starch sus- 
pended in a little cold water. Concentrate by boiling to 500 c.c. This breaks up 
the starch grains and it should give a nearly transparent starch solution. 


S tare h solutiohj c.c....' 500 

Nutrient solution (same as for cellulose agar), c.c 500 

Agar, grams ! 10 


Cellulose Agar (McBeth and Scales: Bull. 266, Bureau of Plant Industry, 
p. 27). — Prepare a liter of dilute ammonium hydroxide solution by adding 3 parts 
of water to 10 parts of ammonium hydroxide, sp. gr. 0,90. Add a slight excess of 
copper carbonate and shake, allow to stand over night and then siphon off the super- 
natant solution. Add 10 grams of unwashed sheet filter paper and shake occasion- 
ally until the paper is dissolved. Dilute to 10 liters and add slowly a i to 5 solution 
of HCl, with vigorous shaking until the precipitation of the cellulose is complete. 
Dilute to 20 liters, allow the cellulose to settle and decafll the supernatant liquid- 
Wash by repeated changes of water, adding HCl each time until the copper color 
disappears^ then wash with water alone until the solution is free from chlorine. 
Allow it to settle several days and decant off as much of the clear solution as possible. 
If the percentage of cellulose is still too low, a portion of the solution is centn- 
fugalized to bring the cellulose content up to 1 per cent. 
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Cellulose solution, c .c 

Agar, grama 

Nutrient solution, as follows: 

Potassium phosphate (dibasic), gram j 

Magnesium sulphate, gram j 

Sodium chloride, gram j 

Ammonium sulphate, grams 2 

Calcium carbonate, grams 2 

Tap water, cx 1000 

Ckeslf^vi Twig Agar.— To 275 grams of one- or two-year-old chestnut branches 
jjd 500 c.c. of distilled water and boil over an open flame for one-half hour. Filter 
jte juice and make up to 550 c.c. with distilled water. To 50 parts of this infusion 
,<id 100 parts of.distaied water and 2 per cent, of agar flour. Steam for one half 
liour, filter, tube and autoclave for .fifteen minutes at iis°C. 

LESSON 17 

Culture W-inogradsky employed for culturing upon solid media a 

mineral gelatin. A solution of from 3 to 4 per cent, of silicic acid in distilled water 
is placed in flasks. By addition of the following saJts to such a solution gelatiniza- 
tion occurs. 


(a) Ammonium sulphate, gram; 04 

Magnesium sulphate, ^ain 0.05 

Calcic chloride. a trace 

{b) Potassium phosphate, gram. o. i 

Sodium carbonate, gram 0 . 6, 0 . 9 

Distilled water, — . . 100.0 


The sulphates and chloride are mixed in 50 c.c. of distilled water, and the latter 
substance in the remaining 50 c.c. in separate flasks. After sterilizing and cooling 
these are all mixed and added in small quantities to the silicic acid. Upon this 
medium, it is possible to subculture a pure growth from the film at the bottom of 
the flasks in which the nitrous organism is first isolated ( cf . Newman, George: 
Bacteria, pp. 154^-157)- 

Isolation of the Nitric Organisms . — Nitrobacter develops freely in solutions to 
a-hich no organic matter has been added; indeed, much organic matter will prevent 
its growth. Winogradsky used the following medium to isolate it: 


Water, c.c 1000 .0 

Potassium phosphate, gram ^ • 0 

Magnesium sulphate, gram 0 ■ 5 

Calcium chloride ^ 

Sodium chloride, grams ^ ® 

About 20 c.c. of this solution is placed in a flat-bottom flask and a little freshly 
washed magnesium carbonate is added. The flask is clc«ed with cotton- wool, and 
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the whole is sterilized. To each flask 2 cx. of a 2 per cent solution of an- noniunj 
sulphate is subsequently added. The temperature for incubation is 30 c (Fig 
216), This organism can be succe^fully grown on silicate jelly. As silicate jelly 
is difficult to make it is optional for the students to attempt its manufactiivc. Fq, 
reference the method is given. ^ 

Pot Experiments with Nitrogen Fixation .^ — ^Since the experiments of Iltilriegei 
and Wilfarth and other experimenters, it has been known that certain bacteria 



Fig. 216. — Double-walled copper incubator constructed with non-conducting 
materials, with water gauge and openings for insertion of thermometer and thermo- 
stat. Padded outer door of copper, inner door of glass. (Fig. 22, p. 46, Schneidtr, 
Pharmaceutical Bacteriology, 1912.) 

{Bacillus radickola, etc.) have the power of fixing free atmospheric nitrogen, when 
they enter the roots of leguminous plants with the formation of root nodules. The 
formation of these nodules can be followed in a series of experiments. 

^ It is optional of course for the teacher to omit these rather difficult exercises 
entirely. If followed by the student or class, a useful work to consult in connection 
with Lesson 17 is Smith, Erwin F.; Bacteria in Relation to Plant Diseases, 1 : 36-39. 

* An important paper on the culture and isolation of Bacillus radicicola is by 
Harrison, F. C. and Barlow, B.: The Nodule Organism of the Leguminosa'— Its 
Isolation, Cultivation and Commercial Application. Centralblatt fiir Bakteriologie, 
Parasitenkunde und Infektionskrankheiten, 19, Abt. 2, 1907: 264-272, 426-440, 
pis. 9. Consult for other details Lipman, J. G. and Brown, P. E. ; A Laboratory 
Guide in Soil Bacteriology, 1911. 
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-Take three pots A, B, C, which have been thoroughly sterilized by dry heat in 
jjerili?;ing oven. Place in pot A ordinary rich garden soil. Fill pot B and C with 
Jind tlioroughly sterilize both pot and sand with dry heat. Plant in pots, A, B 
jji(j C seeds of pea, bean, clover or those of other leguminous plants and water 
ts and B only with distilled water previously carefully sterilized. Pot C with 
is vvatered with distilled water which has been allowed to percolate through 
rich garden earth and which removes the bacterial life which such rich soil con- 
uins. P^^ ^ watered with such water, therefore, becomes microbe-seeded. After 
the first watering, all subsequent applications of water should be made with 
thoroughly sterilized distilled water. 

^^ote daily the growth of the plants in each of the pots and explain the difference 
in the rate and character of the growth, if any. 

In order to be able to study microscopically the entrance of the organisms from 
the soil into the root of the leguminous plants a larger series of pots should be used 
than three. By doing this successive stages in the development of the nodules can 
be obtained and made ready for microscopic study by the paraffin method described 
in a subsequent lesson (Page 656). 

LESSON 18 


Siandardizaiion of Culture Media (F, D. Heald).— Bacteria and fungi are in- 
fluenced in their development by the degree of acidity or alkalinity of the medium 
in which they are growing. Since this is true, it is important to employ media of 
known reaction. In order to secure results which may be compared, the adoption 
of a uniform method of standardization is necessary and the reaction (ff a culture 
medium should be indicated always when cultural or morphologic characters are 
described. The standardization of culture media requires the following solutions: 

- = a normal solution of sodium hydroxide. 

NaOH 

— NaOH = twentieth normal solution of sodium hydroxide. 

20 

= normal hydrochloric acid. 

O-iw'! 

The' - NaOH is used for the titration of culture media and the for their 

20 

mtralization. ^ is used tor acidifying media. A normal solution contains 

.tXv^L ^ 

I gram of basic H, or the equivalent to each looo c.c. Since the above normal solu- 
lioas are required in every pathologic laboratory, directions are here given for their 
preparation. 

Preparation of Normal Solutions .-’Norms! solutions of NaOH or HCl cannot be 
made by weighing. NaOH readily absorbs CO2 and water from the air and so can- 
not be weighed accurately enough for making standard solutions.^ HCl is liquid 
and of varying strength. It is necessary, then, to start with an aad or alkali that 
is in solid crystalline form and is not altered on exposure to the air. Oxalic acid 
presents the requisite characteristics. 
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-- Oxalic Acid SoluHon.—Vleigh out exactly 6.3 grams of chemically p-ne 

acid (HjC 804 plus 2HjO) and add distilled water in rooo-c.c, volumetric 3ask 
After the crystals of acid have dissolved, dilute the solution until it measure? exact! 
1000 c.c. 

N 

NaOH ^ Sodium fl’ydfoxtde— This solution should contain 40 grams of 

NaGH in i liter. It can be made by titrating against the standard oxalic solutiou 
already prepared. Weigh out 90 grams of NaOH and dissolve in 2 liters of dis. 
tilled water. This solution is now too strong and the amount necessary to dilute it 

N 

must be determined. Place exactly 50 c.c, of the “ oxalic add in a beaker and add 

a few drops of phenolphthalein solution to setve as an indicator and then add to thi« 
drop by drop from a burette some of the NaOH solution, stirring with a glass md 
and continue until the solution is turned a faint, but permanent pink color. Read ofi 

from the burette the amount of NaOH solution used to neutralize 50 c.c. oi 

10' 

oxalic acid, which contained as much acid as 5 c.c. of normal acid. Now calculate the 
amount of dilution necessary. Supposing 4.5 c.c. of NaOH be the amount used and 
1950 c.c. the amount of NaOH to be diluted, the proportion would he as follows: 
4.5 : 5 :: 1950 : x where x — 2167, and this means that 2167 c.c. of water roust be 
used. After the dilution, repeat the titration and adjust if necessary. 

N 

or Nortnal Hydrochloric This may be prepared by making an acid 

solution which is a little over strength, and determining the amount of dilution 
N N 

necessary by titratii^ with the i c.c. of should exactly neutralize 

r N 

^c-c-oljjci 

Expressing ike Reaction of Media, — Fuller’s scale has been generally adopted for 
expressing the reaction of culture media. The plus sign (+) indicates that the 
medium is acid to phenolphthalein, while the minus sign ( — ) indicates that the me- 
dium is alkaline to phenolphthalein, the figure following the sign indicating the 

N 

degree of acidity, or alkalinity. For example, a -f 10 medium contains lo c.c. of 

for 1000 c.c. beyond the neutral point for phenolphthalein paper. A — 10 medium 

N 

is alkaline and would require 10 c.c. of for 1000 c.c. to bring it back to the 

neutral point. Media may then have the reaction -f S, + 10, + 15, etc., or - 
— 10, —IS, etc. The neutral point for litmus is not the same as the neutraj point 
for phenolphthalein and this fact should be kept in mind when working with culture 
media. 

25 of Fuller’s scale gives approximately the neutral point tor litmus, so that any 
medium with a reaction less than -f- 25 is still alkaline to litmus. 

The Optimum Reaction. — For every organism there is a definite optimum reaction. 
It lies near -(-5 for most animal pathogens, about +10 to +15 for most water and 
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utrefa' live bacteria and +io to +25 or even higher for fungi. There are some 
^acterii^i organisms which prefer distinctly alkaline media (Fuller’s scale), while 
,thers prefer acid media. A good general practice to follow m the preparation of the 
^\c culture media to be kept in stock is to standardize' to +io of Fuller’s scale and 
the reaction according to the preference of the organisms under cultivation, 
other acids than HCl are used for acidifying the media, the kind should be 
Jefinitciy specified, when the reaction is expressed. 

Tiiraiion ofMedia.—ln outUning the method of preparation of bouillon for routine 
directions were given for neutralization of the medium and the addition of the 
fjquisiie amount of acid. In accurate work, or in the prosecution of research a 
jjore careful method of standardization is employed. The medium should be 
neutralized by the titration method. The process is as follows: 

r. Add exactly 5 c.c. of the medium to 45 c.c. of distilled water in an evaporating 
dish (use a 5-c.c. Mohr pipette), boil for three minutes to drive off the CO2 and add 
I C.C. of phenolphthalein solution. 

N 

2. Add ^ NaOH drop by drop from a burette, stirring constantly until the 

solution turns a faint, but permanent pink. Repeat the titration for two more 5-c.c. 
samples, and determine the average of the three readings. 

N 

3. Calculate the amount of necessary to neutralize the medium (10 to 

15 c,c.), add the amount determined to the medium, test reaction and if neutral, 
proceed with preparation of the medium; if not, repeat the titration on neutralization. 

LESSON 19 

Germination Studies , — The examination of spore germination of various fungi can 
be studied best by the hanging-drop method. Takea hanging-drop slide and sterilize 
thoroughly in the hot-air oven at iio“C. after it has been wrapped in a crepe napkin 
or piece of tissue paper. After sterilization plunge it into a beaker of absolute alcohol 
(or such sterilized slides may be kept in stock in absolute alcohol) and then dr4in 
off the greater part of the spirit, grasping the slide in a pair of sterile forceps. Burn 
off the remainder of the alcohol in the flames. 

Place the hanging-drop slide on a piece of blotting paper moistened with a 2 
per cent, lysol solution and cover it with a small bell glass that has been rinsed with 
the same solution and not dried. 

Raise the bell glass slightly and smear sterile vaseline around the rim of the cell 
by means of a sterile spatula of stout platinum wire. Remove a clean cover-slip 
from the alcohol pot with sterile forceps and burn off the alcohol; again raise the 
hell glass and place the sterile cover-slip on the blotting paper by the side of the 
hanging-drop slide. 

Remove a drop of the culture medium selected for use (see below) and place the 
drop on the center of the cover-slip. Sterilize the loop. 

Raise the bell glass sufficiently to allow of the cover-slip being grasped with the 
sterile forceps, invert it and place over the cell of the hanging-drop slide. Remove 
the bell glass altogether and press the cover-slip firmly on the cell 
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Germination on Solid Media. — Observing precisely ^ilar technique a ft w <Jr 
of liquefied gelatine or agar may be run over the surface of the cover-slip 
hanging-drop plate cultivation thereby prepared. After sealing down the prepar* 
tion it may b« set aside ahd the growth watched at definite intervals under the 
microscope. 

Dilution Method to Obtain Material for Inocidatin^ tianging-drop 
the case of yeast this problem was solved by Hansen, who developed the method to 
such a degree of perfection as to create, in fact, an exact metiiod (i88i). He 
employed dilution with water. The yeast developed in the flask is diluted with an 
arbitrary amount of sterilized water, and after vigorous shaking, the number oi 
cells in a small drop of liquid is determined. The counting, in this case, is effected 
in a very simple manner by transferring a drop to a cover-glass, in the center of which 
some small squares are engraved and this is then connected with a moist chamber- 
the drop must not be allowed to extend beyond the limits of the square. The cells 
present in the drop are then counted. Suppose, for instance, that ten cells are 
found : a drop of similar size is transferred from the liquid, which must first be 
shaken vigorously, to a flask contaming a known volume of water,. e.g. 2oc.c. of 
sterilized water. This flask, then, will in all likelihood contain about ten cells. If 
it is then vigorously shaken for some time until the cells are equally distributed in 
the water, and then i c.c. of the liquid introduced into each of twenty flasks contain- 
ing nutritive liquid, it is probable that half of these twenty flasks have received one 
cell each. But, here again, as in Lister’s experiments, it is entirely a calculation 
of probabilities. If the flasks are allowed to stand for further development of micro 
organisms, there will be a chance of getting a pure culture in some of them. Hansen 
succeeded, however, in adding a new factor, which first gave certainty to this experi 
ment. Thus, if the freshly inoculated flasks are vigorously shaken, and then left in 
repose, the individual cells will sink to the bottom and be deposited on the walls of 
the flask. It is self-evident that if a flask contains, for instance, three cells, these 
cells will always, or at least in the great majority of cases, be deposited in three 
distinct places on the bottom. After some days, if the flask is raised carefully, it 
will be observed that one or more white specks have formed on the bottom of the 
flask. If only one such speck be found, we have a pure culture by the dilution 
method. 

Method of Preparing Squared CoDer-glasses. — Since such cover-glasses are some- 
what expensive and can be easily etched, the method of their preparation is de- 
scribed below. A little paraffin or wax is melted in a saucer and the cover-glass 
dipped into it, being held at one corner by a forceps; it is taken out quickly and as 
much as possible of the melted paraffin is allowed to run oS, leaving on either side a 
thin cover of paraffin which is allowed to harden. By a very fine needle and a small 
ruler the required lines are then scratched on the wax, and the cover-glass immersed 
for a moment in hydrofluoric acid which should be poured into a platinum crucible 
or dish. The paraffin can now be dissolved off in xylol, leaving the surface etched 
with the squares used in making bacterial, or fungous spore counts (Fig. 217). 

These squared covers may be raised above the slide, while the count is being made, 
either on four pillars of paraffin, or in a moist chamber. 
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Counting of Yeast Cells, Fungous Spores and Bader many cases the II 
are in a liquid which is inclined to form froth when shaken, hence the liquid «« be 
treated with dilute sulphuric acid (i part concentrated sulphuric acid and to parts 
water). This prevents aggregations of the cells' and also furnishes in addition a 
liquid in which cells do not sink to the bottom too quickly, an important point, when 
dngle drops are taken out for counting purposes. 

In counting, the counting chamber is employed. Thoma’s hasmatimeter consists 
of a glass slip on which a covcr glass is fastened which has a circular hole in the 




C 



Fig. 217. — A, Squared cover glass used in counting; B, Jorgensen's squared 
cover glassi C, moist chamber, sectional view; D, moist chamber with Jorgensen’s 
squared cover. (A and B, after Kiocker; C, original; D, after Jorgensen.) 

middle and is 0.2 mm. thick (Fig. 218). A circular cover-glass, o.i mm. thick, is 
fitted centrally in this hole and is also fastened to the glass slip; thus an annular 
space is formed. In the middle of the cover-slip two sets of twenty-one parallel 
lines are etched which cut each other at right angles; there are thus formed a large 
square with a side of i mm. and small squares with a sidq of 0.05 mra. The drop of 
liquid taken up by a pipette is examined on this square and enclosed by the cover- 
glass, the depth of the liquid layer thus formed amounting to o.i mm. (Fig, 218). 

Thoma's Iltmaimem'—Aiter the test-tube with the average sample and the 
UjSO^ has been subjected to a prolonged and vigorous shaking, a sample is*taken out 
and examined as above. 
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As soon as the cover-glass has been put into position the chamber is lai i 
the microscope, and if a h®matimeter is being used as a counting chamber 
eyepiece" is required. It is not advisable to use a greater mag;nification iban is 
necessary. After waiting a short time, the counting is proceeded with when all 
cells in the preparation have sunk to the bottom. The “net eyepiece” consists of 
a large square divided into sixteen or twenty-five smaller squares, the latter 
used as aids in counting. The cells inside the large square are counted; it does 
not matter how the cells lying on the side lines of the square are counted, if the 
same rule is always followed. Many squares in each haematimeter may be counted 
by displacihg the Kaematimeter. It is to be recommended always to count a certaiD 
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Fig. 2I&. — Details of Thoma’s hgeraatimeter. A. Surface view of thick glass slirifc 
with chamber and ruled center; B, cover glass; C, sectional view. 


number of squares, e.g. ten— two in the middle and eight along the edge of the drop. 
As soon as these ten countings are performed, the hrema time ter is well cleaned and 
dried, the second test-tube well shaken and then a drop taken from it and counted in 
the same manner. This alternation is repeated until a constant average is obtained. 

When it is not necessary to determine the number of cells in a given volume, 
the same unit of volume is always employed, viz., that of a column of liquid of which 
the base is the large square (5 the “net eyepiece" for the particular magnification 
employed, the height being the thickness of the perforated cover-glass. 

For example, 3 cc. of beerwort with yeast cells and i c.c, of sulphuric acid give 
the following results. 
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Sample i 


Square j 

First drop 

Second drop j 

Third drop i 

1 Fourth drop 

I 

23 

^ ^ - : 

10 

: 28 

i 

2 

22 

20 

20 ; 

1 24 

• 3 

19 

28 

1 . 19 i 

j 21 

4 

10 

19 

22 ' 

14 

s 

14 

24 

i . 32 

18 

6 

27 

1 26 

25 

20 

7 

20 

! 14 

1 

rg 

8 

■18 

25 ! 

13 

34 

9 

12 1 

20 

17 

23 

10 

27 

i ' 14 

20 ' 

16 

.Average 

19.2 

20.0 

1 21.7 1 

20. 2 


Cells in each large square 


Cclcvlaiion of Counts . — As these four averages are nearly the same, it is not 

necessary to count more drops. The mean of the four averages is^* ^ = 20.275 

4 

cells per unit of volume. But since the wort was diluted with H2S04 (4 parts of 
the mixture contmiw 3 parts of wort with cells) the actual number of cells in the 

, . . 20.275 X 4 n 

volume m question is 


Detailed Description of Thoma's H^cUimter (Figs. 218 and 2i8A).--Thonia’s 
haernatimeter (Zeiss form) is used also for counting microorganisms. A is a glass 
slide on which a cover-glass (a) is fastened which has a circular hole in the middle 
and is 0.2 mm. thick. A circular cover-glass (c), 0.1 mm, thick is fitted centrally 
in this hole and is also fastened to the glass slide; thus an annular space (d) is formed. 
In the middle of (c) two sets of parallel lines are etched which cut each other at 
right angles. There are thus formed a large square with a side of i mm., and small 
square with a side of 0.005 mm. The drop of liquid to be examined is placed on 
tbis square and enclosed by the cover-glass (i), the depth of the liquid layer (c) 
thus formed amounting to 0.0 1 mm. B gives a vertical section of the chamber. 

If the actual number of cells in a certain volume is to be calculated, the size of 
the space unit must be determined. It is then necessary to know the height of the 
column of liquid, i.e., the thickness of the perforated cover-glass. The hjemati meter 
designed by Hayem and Nachet has one with a thickness of 0.2 mm., but that in the 
Zeiss haematimeter is usually o.r mm. The value of the square in the for 
the magnification used must further be known, or squared cover-glasses are used of 
which the size of the squares is known. In Thoma’s chamber tlie column of liquid 
is o.i mm. highland the large square etched on the bottom of the chamber contains 
1 sq, mm.^kJThe volume of the liquid prism, of which the base is the large square, is 
thus O.I cu. mm. 
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When it is intended to sow a definite number of cells, ^ water is usually 
the yeast to be used as sowing material, the cells being thus more easily separated 
from one another on shaking; also, no appreciable increase of the cells takes place 
especially if the flask is subjected to a low temperature after the sample ha., been 
withdrawn. 



Fig. 2i 8A. — Blood counter case, o, Slide with counting chamber; b, rubber cork 
covering tip of white pipette; c, soft rubber tubing; d, red pipette provided with 
rubber cork; e, cutting needle in gs percent, alcohol; Hayem's solution; h. .5 per 
cent, acetic acid. {After McJunkin.) 

The yeast is, therefore, shaken up vigorously and continuously with sterile water, 
and an average sample removed. There are three different cases to be considered 
now, viz.: (i) When we wish to know only how^many cells are present in a certain 
portion of the water-yeast mixture; (2) when it is intended to inoculate a previously 
determined number of cells into the liquid to be dealt with; and (3) when it is desired 
to sow so many cells, that after the seeding the definite number of cells d^«ired may 
be presen t'in an arbitrary space unit, e.g., when making comparisons of the multiply- 
1 KidCKER, Alb.: Fermentation Organisms, 1903. 
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jjg pov<ers of two species. In the first two cases, it is required to determine the 
number of cells which are to be seeded, and no attention is paid to the quantity 
liquid inoculated; in the last case, it is required only to know the relative number 
,f cells, but regard must be had to the quantity of liquid*seeded. Finally, the follow- 
jgmui-t be remembefed: If there is to be a definite volume in the fiask after seed- 
ug, thtui) fn the case where the seeding is not to be made in water, or where the con- 
entration of the liquid is of some account, no water must be used in shaking up the 
-jjst this case the same culture liquid must be employed. The same quantity 
,f culture liquid is then removed from the flask before seeding, as will be added when 
jeding takes place. 

The procedure in the above three cases is as follows: (i) After shaking, a drop’of 
jie water is placed in the hsematimeter, or in the Thoma chamber, and the number 
jJ fells is determined in the usual manner. On seeding a measured portion of the 
later mixture is taken, and we thus know how many cells have been sown. 

2. As above. In counting we learn, for example, that a cells are present in a 
;citain volume. It is here necessary to know the quantity of culture liquid in the 
lask to be inoculated; assume the amount to be p c.c. If it is desired ,to seed so 
iiany cells that there will be Oi cells per unit of volume, the number of cubic centi- 
meters X of the water-yeast mixture, which must be added in order to arrive at this, 
a p X 

s found from the following equation: -- = — or the number of cells in the 

ifaler mixture (the seeding liquid) has the same proportion to the cells after seed- 
ngas the whole amount of liquid after seeding has to the amount of seeding liquid. 
The quantity of liquid in the flask after seeding has taken place is thus p x. 

From the given equation, * = Example: It is found that the seeding 

liquid contains 75 cells per unit of volume and the flask to be infected contains 70 
c.c. of wort, and it is further desired to have 5 cells per unit of volume after inocula- 

tbu. Accordingly, x - .^7^^ = 5 c.c. to be withdrawn from the seeding liquid. 

The result may be checked by another counting after seeding, If the result is in- 
correct, either more liquid or more cells must be added. But in exact work this 
contingency does not arise. 

Suppose ft IS wished to sow oi cells of a yeast species A, and cells of a species B 
in a flask containing p c.c. of culture liquid, from two seeding liquids containing u 
and h cells per unit of volume respectively. The number of cubic centimeters x 
and r, to be sown from A and B respectively, is found from the following equations. 

0 ^4-* + y p + x + y 

— = and i, = 7 , 

ai X oi y 

the quantity of liquid after infection being ^ ^ + y; froia this we find: 


Combinations of the above three cases may of course occur but from the explan 
lions given here it will not be difficult to solve them, 
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C^ti 7 i<Uion of Y easts on Qypsum Blochs. — Spore CnUwUian. — Blocks of g\ psmjj 
are used generally for the cultivation of the spores of the yeasts. The block is 
the form of a truncated cone, and the cover of the vessel fits quite loosely. The 
dishes used in the Carlsberg laboratory are the so-called bird troughs (Vogelnapfe) 





Fig. 219. — Method of pouring gelatin into Petri dishes. {After Lohnis.) 


A suitable size for these, taking outside measurements, is as follows; height 4.5 to 
5 cm.; diameter of the bottom about 7 cm. The gypsum block is 3 cm. high; the 
diameter of the lower surface is 5.3 cm., that of the upper surface 3.8 cm. To make 
a gypsum block, 2 parts of powdered gypsum are mixed with ^ part of water and the 
mixture poured into a tin mould. The block should be hard, and the mould must 
not be rubbed with fat, oil or such material, A culture on a gypsum block in such 



Fig. 220. — Petri dish. {After Williams in Schneider, Pharmaceutical Bacteriology, 

p. 59.) 

a vessel cannot, as a rule, be kept free from bacterial infection, for the cover must 
not be closed down tightly, but should allow free access of the air. The dishes with 
gypsum blocks are sterilized for one to one and a half hours at no® to n5®C-, the 
dishes first being wrapped in a crepe napkin or in filter paper. The gypsum blocks 
are sterilized in a moist condition before planting the yeast on their upper surface. 
The gypsum blocks can be used several times. 

Meikod of Pouring Plates (Fig. 219). — Place three sterile Petri dishes (Fig. 220] 
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a ro'v after previously sterQizing them wrapped in a crepe napkin in the hot-air 
ov-f"' 

Take three sterile test tubes numbered 1, 2 and 3 and fill with the liquefied 
jfltrient to be used. Plug each tube with cotton and flame the plugs, which should 
be removed readily from the mouths of the tubes. 

Add one loopful of inoculum to tube No. i. After replugging, rotate the tube 
between the palms of the hands with an even circular movement to diffuse the in- 
oculum throughout the medium; avoid jerky movements as these cause bubbles 
cf air to form in the medium. 

Sterilize the platinum loop and add two loopfuls oi diluted inoculum to tube 
Ko, 2 and mix as before. In a similar manner transfer three loopfuls of liquefied 
jiediuin from tube No. 2 to tube No. 3 and mix thoroughly. 

Fiame the plug of tube No. 1, remove it, then flame the lips of the tube; slightly 
raise the cover of Petri dish No. i, introduce the mouth of the tube; then elevate 
the bottom of the tube, pour the liquefied medium into the Petri dish to form a thin 
layer. Remove the mouth of the tube and close the plate.” If the medium has 
failed to flow evenly over the bottom of the plate, raise the plate and tilt it to rectify 
the fault. 

Pour plates No. 2 and No. 3 in a similar manner from tubes Nos. 2 and 3. Label 
the plates with the distinctive name or number of the inoculum, the number of the 
dilution, also the date. 

In this way colonies may be obtained quite pure and separate from each other. 
They may be described as such, and may then be transferred as pure cultures to 
other media in other test-tubes. 

In plate No, i probably the colonies will be so numerous and crowded, and there- 
fore so small, as to render it useless. In plate No, 2 they will be more widely sepa- 
rated, but usually No. 3 is the plate reserved for careful examination, as in this the 
colonies are usually widely separated, few in number and large in size. 

Agar plates are poured in a similar manner, but the agar must be melted in boil- 
ing water and then allowed to cool to iV2°C, or 45° C. in. a carefully regulated water 
bath before being inoculated and the entire process must be carried out very rapidly 
otherwise the agar will have solidified before the operation is completed. After 
the agai has hardened it is incubated at 37°C. and the plates are inverted as this 
prevents flooding of the agar surface by the st^ueezing out of the water of condensa- 
tion as the agar hardens. Gelatin plates are not inverted. 

Slreak Method . — The isolation of pure cultures of organisms by the streak 
method differs from the plate method in that the medium (gelatin, agar, blood 
serum) is not inoculated in the fluid state but the necessary dilution to secure iso- 
lated colonies is secured by drawing a glass rod with its end bent into a triangle, 
as recommended by Bergey, several times across the surface of the sterile medium 

Id Petri dishes by lifting the cover while so doing. The — ^<1 glass rod 

has been, previously infected with the material to be studied qualitatively. It is 
preferable, according to Bergey, to jilace a small quantity of the mixed culture 
in the center of the first plate of a series, and thence distribute the material 
over three or more plates in succession with the glass spreader. Eventually a 
degree of dilution is reached where distinct colonics are in evidence. 
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Isolation of a Leaf Wilt Fungus in Pure Culture . — Given a fungus causing lea; 
wilt, to obtain a pure culture by excluding the non-pathogenic forms. 

I. Look for the fruiting stage of the suspected fungus, or fungi. Transfer some 
of the spores with a sterile needle into a tube of 5 c.c. of sterile water. (If pvenidia 
or perithecia are present, transfer a whole pycnidium or perithedum into suriig 
water, and crush the fruit body to cause the escape of the Spores). Then with a 
sterile needle transfer some of the water with the spores into a tube of agar af^ar 
which is made liquid by putting in a vessel of hot water and then allowed to cool 
This tube is marked A . Then from tube A transfer a drop of agar with a sterile needle 
to another similar test-tube with liquid agar, designated as B (Fig. 221). Then 
perform the same sort of transfer to a third tube C. Distilled water or nutrient 
bouillon can be used for these dilutions instead of agar. 




Fig. 222. 


Fig. 221. — Method of holding test-tubes in transfer of fungi from one test-tube 
to another. {After Lohnis.) 

Fig. 222. — Cylindric form of wire basket for holding test-tubes during steriliza- 
tion and other operations. {After Schneider, Fhartnaceuiical Bacteriology, p. 37.) 


A, B and C are thoroughly shaken and each is transferred to Petri dishes marked 
A, B and C. If water is used to dilute, or bouiUon, it must be mixed with the material 
poured into the Petri dishes. These are observed for any growth that may take place 
on the surface of the agar-agar. Transfers are made from the single colonies into 
agar slants in test-tubes. 

If no spore forms are present, cut out pieces of the affected leaf and place in a 
tube containing i per cent, mercuric chloride diluted in equal amounts in 50 per cent, 
alcohol. Shake the tube so that the material is bathed in the disinfectant. Do 
this for half a second to two minutes according to the thickness of the leaf. Four 
off the disinfectant and wash the material three times in sterile water, care being 
taken to keep out foreign infection. Then with a sterile forceps, take each piece 
of the material and crush it thoroughly at the mouth of a tube containing melted 
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^ coc'lcd a.gar. When the material is crushed, it is well shaken up with ^ar and 
ijie ffhole poured into a Petri dish. If the growth of one fungus appears, it means 
ijiat we have the parasite in captivity, or pure culture. If more than one fungus 
B obtained, they must all he transferred separately iirto agar slants in test-tubes 
tested by inoculation for their pathogenicity. The true pathogen is of course 
i],jone which will reproduce all of the symptoms of the disease, 

Jfok- ^To keep out bacterial infection put one drop of a 5 per cent, lactic acid 
jeach of the agar tubes used in making the cultures. 


Differential Methods of Isolation 

ptisleurization and Slerilization,'—ln order to compare the effect of these two 
jpeiations on organic material, take some milk and pasteurize part of it and sterilize 
ic other part by one sterilization. Conduct both operations in previously sterilized 
lasks plugged with cotton after the milk is introduced (Fig. 223). 

Milk is pasteurized by heating it up to a temperature of 85° C. followed by a 
?pid cooling. Milk is sterilized by heating up to ioo°C. for five minutes. Set 
he flasks aside and compare. Note any changes that may take place. 

Differential Media. — (a) Selective.— Some media are specially suitable for cer- 
ain species of bacteria and enable them to overgrow and finally choke out other 
varieties. 

(b) Deterrent. — The converse of the above also. Certain media possess the 
met of inhibiting the growth of a greater or less number of species. For instance, 
aedia containing carbolic acid to the amount of i per cent, will inhibit the growth 
)f practically everything but the Bacillus coli communis. 

Differential Sl€rilization.—{a) Non-sporing Bacteria.— Similarly, advantage may 
)e taken .of the varying thermal death points of bacteria. From a mixture of two 
)rgaiiisms whose thermal death points differ by, say, 4°C. — e g.. Bacillus pyocyafteus, 
iermal death point SS°C., and Bacillus mesenlericus vulgalus, thermal death point 
)o°C.— a pure cultivation of the latter may be obtained by heating the mixture in 
i water bath to 5&°C. and keeping it at that point for ten minutes. The mixture 
i then planted on to fresh media and incubated, when the resulting growth will be 
iound to consist entirely of B. mesenlericus. 

(i) Sporing Bacteria. — ^This method is found to be of even greater practical value 
fthen applied j;o the differentiation of a spore-bearing organism from one which 
ks not form spores. In this case the mixture is heated in a water bath at 8o°C. 
or fifteen to twenty minutes. At the ‘end of this time the non-sporing bacteria are 
lead, and cultivations made from the mixture will yield only a growth resulting 
rom the germination of the spores only, 

DIFFERENTIAL ATMIOSPIIERE CULTIVATION 

Aerobic and Anaerobic. — For the separation of bacteria, it is possible to draw the 
ine between those that need oxygen for growth (aerobic) and those that will grow 
without oxygen (anaerobic). By excluding oxygen, anaerobic forms alone develop. 

Inoculation into various animals or plants may be used as a means of separation. 

40 
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Water Analysis. ^ 

I. Collect water from tap in a sterile Erlenmeyer flask, allowing HjO to f nn fj 
ten minutes before collecting. 

II. Melt two tubes of gelatin at 42‘’C. 

III. Add to tube No. A o.i c.c. and tube No. 2 0.2 c.c. from the flask. Shake 
to mix H2O with gelatin, 

IV. Pour in Petri dishes No, A and B and place in locker. 

V. Count colonies which develop at end of twenty-four and forty-eight hoi^rs 

VI. Estimate the number of colonies which would have devdoped in 1 c.c. of 
water. 

Example. 


Twenty-four hours 

50 colcmies have developed on plate No. A — 50 X lo = 500 in i c.c. 

96 colonies have developed on plate No. B — 96 X s = 480 in i c;c. 

2)980 

490 in I c.c. 

Forty-eight hours 

62 colonies have developed on plate No. A — 62 X 10 = 620 in i c.c. 

102 colonies have developed on plate No. B — 102 X 5 - 510 in i c.c. 

2 )1130 

565 in I C.C. 


LESSON 24 

METHODS OF IDENTIFICATION 

Descriptive Terms . — For complete details consult Eyke, J. W. H.: The Element 
of Bacteriological Technique, 1902; 208. 

Types of Colonies 

A. The size of the cells and the spores at various ages. 

B. Shape— VvLnciiiotm, round, elliptic, irregular, fusiform, cochleate, amoeboid 
mycelioid, filamentous, floccose, rhizoid, conglomerate, toruloid, rosulate, 

C. Surface Elevation. — Flat, convex, capitate, umbonate, effused, pulvinate 
umbilicate, raised. 

D. Character of 5 wr/tf re.— Smooth, alveolate, punctate, bullate, vesiculai 
verrucose, squamose, echinate, papillate, rugose, corrugated, contoured, rimosc. 

E. Internal Structure of Colony (Microscopic). — Refraction weak, refractioi 
strong, amorphous, hyaline, homogeneous, homochromous, finely granular, coarse); 
granular. 
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i)ptk Transparent, vitreous, oleaginous, resinous, translucent, 

porcel^ neous, opalescent, nacreous, sebaceous, butyrous, ceraceous, opaque, creta- 
ceous, dull, glistening, fluorescent, iridescent, color of colonies. 

G. Edges of EnUre, undulate, repand, • erose, lobulate, auriculate, 

lacerate, fimbriate, cillate. ’ 



Fig. 223. — Types of growth in stab cultures. A, Non -liquefying, i, Filiform 
(Baculus colt); 2, beaded {Streptococcus pyogenes); 3, echinate {Bacterium acidi 
kaici); 4, villous {Bacterium murisepticum); 5, arborescent (Bacillus mycoiJes). 
5 , Gelatin liquefying. 6, Crateriform {Bacillus vulgarc, 24 hr.) ; 7, napiform {Bacillus 
sublilis, 48 hr.); 8. infundibuliform (Bacillus prodigiosus) ; 9, saccate [Microspira 
Finkleri); 10, stratiform (Pseudomonas Jlavescens), {Prom McFarland after Frost in 
Schneider, Albert: Bacteriological Methods in Food and Drug Laboratories, 1915: S?-) 

TYPES OF STAB CULTURES 

A. Surface GrovAk. — Filiform, beaded, echinate villous, arborescent. 

B. Character of Liquefied Gdaiin . — PeUiclc on surface, uniformly turbid, granular, 
mainly clear but containing flocculi, deposit at apex of liquefied portion, production 
of gas bubbles. 

C. Area of Liquefaction (if present). — Crateriform, . saccate, infundibuliform, 
napiform, fusiform, stratiform (Fig. 223). 
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LESSON 25 

Plate Counter.— Tht most accurate method of counting the cdonies on iracb of 
the plates is by means of the 'counting disk. These disks consist of a piece of papej 
upon which is printed a dead black disk, subdivided by concentric circles and radii 
painted in white. In Jeffer’s counter each subdivision has an area of i sq. cm.: in 
Fake’s counter, radii divide the circle into sixteen equal sectors, and counting ij 
facilitated by equidistant concentric circles. (For disks see Eyre, p. 322.) 

(a) In the final counting of each plate, place the Petri dish over the counting 
disk, and center it, if possible, making its periphery coincide with one or other &f 
concentric circles. 

(b) By means of a hand lens count the colonies appearing in each sector in turn. 
Make a note of the number present in each, 

(c) If the colonies present are fewer than 500 the entire plate should be counted. 
If, however, they exceed this number, enumerate one-half, or one-quarter of the 
plate, or count a sector here and there, and from these figures estimate-the number 
of colonies present on the entire plate. 

Jeffers’ counting plate ^ (Fig. 224) consists of concentric zones which are divided 
into small sections, each having an area of 1 sq. cm. To determine the position of 
the circles marked 10, 20, the position of the circles marked lO, 20, 40, 60, 100 and 
140 in the diagram, whose areas equal 10, 20, 40, 60, 100 and 140 sq, cm. respectively, 
the formula, arr® = area, was used. In order to show the application of the formula, 
the radius of the circle whose area is equal to 10 sq. cm,, will be found from the formula 
as follows; 

T 3.1416, 

rf® = 10 or r® = 10 -f tt. 

10 -f- 3.1416 = 3.18309 or r®. 

V3-18309 = 1.78-}- or r. 

1.78 + em. = the radius of a circle whose area is 10 sq. cm. Dividing the circle 
into ten equal sectors, each sector has an area equal to i sq. cm. By the same 
method we find the radius of a circle whose area equals 20 sq. cm, thus making each 
of the ten spaces between circles 10 and 20 and bounded laterally by the ten radii 
equal to i sq, cm. We next construct a circle whose area equals 40 sq. cm, and divide 
each sector as far as circle 20, making twenty equal areas between circles 20 and 40, 
each equal to i sq. cm. In like manner we construct circles 60, 100 and 140 divid- 
ing the sectors in the zone lying between circles 60 and 140 to produce areas equal 
to I sq, cm. each. If a plate whose area is greater than 140 sq. cm. is used, a circle 
whose area is 180 sq. cm. can be drawn and the radiating lines extended out to the 
circle (Fig. 324). 

The Petri dish can be centered upon this apparatus by the circles and the area 
read from the line its edges approach. To facilitate the reading of the area of the 
plate the circles 80 and 120, whose areas are equal to So and 120 sq. cm,, respectively, 

® Jeffers, H. W.; An Apparatus to Facilitate the Counting of Colonies of 
Bacteria on Circular Plates, Journ. Applied Micros., I: S 3 - 54 j March, i8g8. 
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, ere drawn as dotted circles, thus making the areas marked “a*’ and ^‘5” equal to 
cm. ^ The colonies in several areas can be counted, an average taken, and the 
psult multiplied by the number of square centimeters In each plate. 

A fine apparatus could be made by covering a plate of glass with a uniform layer 
and with a sharp instrument cut the figure in the wax and subject it to hydro- 
jl^oric acid for a few minutes which would etch the glass where exposed. Cleaning 



)ff the wax and placing the glass plate over black velvet, the colonies could easily 
)€ counted. 

jVeisscr’s Marking and Counting Appandus for Bacterial Colonies . — The apparatus 
s employed for counting bacterial colonics and for marking off their position. 

When in use the apparatus is mounted on the lid of the box with which it is 
■upplied, thus the latter serves at the same time as a, base. 
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For this purpose a metal guicfe plate is screwed on to the inside of the lid, .vhic^ 
latter is reversed when the instrument is arranged for use and the marking apj-aratuj 
is placed on this plate. This apparatus consists of a vertical pillar with squai v base 
plate and a metal frame which is vertically adjustable by means of a rack and j.inion 
The horizontal movement is obtained by moving the entire dish carrier alo/ig ihe 
guide plate which is screwed on to the box lid. 

The Petri is secured in the frame by means of two milled heads which are 
fixed on the right-hand side and at the bottom. 

Immediately behind the Petri dish is mounted a glass screen divided into squares 
which as a further aid to localizatioiij are subdivided and numbered. 

A second pillar is screwed into the lid in front of the dish holder and carries the 
lens. The lens is vertically adjustable and is' threaded for focusing purposes. 

Below the lens carrier is fitted a horizontal bar which serves as a hand rest when 
marking off the colonies. 

A special counting screen is provided with fifteen square openings arranged in a 
V-shape (echelon) by means of which the number of colonies at four places in sixty 
squares may be determined. 

At the upper edge of the counting screen lines are ruled which serve as scales for 
the Petri dish; the numbers on the one side indicate the diameters in millimeters 
corresponding to each scale line, while the numbers on the other side indicate how 
many times the area of the sixty squares is contained in the area of the whole Petri 
dish. Thus in order to ascertain the total number of colonies in the dish, it is only 
necessary to count the number of colonies in {be sixty squares and to multiply the 
figure thus obtained by the proportional number required by the diameter of the dish. 

LESSON 26 

LABORATOHY WORE IN SYSTEMATIC BACTERIOLOGY 

As it is important for students in mycology to be able to identify the various 
species of bacteria, which they may meet in their investigation of the fungi, the fol- 
lowing suggestions are made as to the systematic study of the forms of bacterial 
life. Ordinarily, where the other groups of fungi are to be considered, time will not 
permit a detailed systematic study of the bacteria where cultural methods are re- 
quired in the identification of the specific forms. Yet much can be done in the class- 
room with the microscope in the study of the morphology of selected species. The 
following exercises are presented as* suggestions to the teacher and student of 
mycology. 

First Exercise . — The teacher can distribute to each member of the class a selectd 
number of bacteria in culture tubes. Each tube should be numbered, so that the 
student, after determining the generic character of the different organisms handed 
to him, can attach the number to his specific determinations, so that the teacher 
can check off the results of each student’s work by the numbered list of species 
kept for such classroom work. The bacteria from each of the culture tubes should be 
mounted in balsam after staining with carbol fuchsin, or some other approved stain, 
and kept for future reference and study. 
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Exercise.-~T)xt members of the class can raise material for such morpho^ 
logic ssudy after the 6rst exercise has been completed by partially filling test-tubes 
^thsuch materials ^ chopped bay, prunes, lima beanSj split peas, cracked oats and 
leaves, adding water, and treating, as follows; 

One set of tubes should be plugged and thoroughly sterilwcd by differential 
5jcril!- ‘rion. This experiment, after examination of the material under the micro- 
j^pe, demonstrates that bacterial growth in the tubes does not take place. 

^ second set of test-tul«s can be left open to the air after the water and the 
culture material have been completely sterilized. This gives the organisms that 
come from the air. 

A third set of tubes can be partially filled with water, plugged and then sterilized, 
and after sterilization unsterilized materia] can be added. This gh^es the organisms 
that enter through the vegetable substance. 

.A fourth set of tubes can be filled with the culture material, plugged and steill- 
i^ed. Unster^lized water can be then added to each of these tubes. This gives the 
microbes that come in through the water. These are rough 'methods adapted to 
general class work, and in each case the organisms which appear should be mounted 
and s)'sLemalic^y studied to determine the different generic forms which are present, 
as far as that can be done by staining methods and the microscope. 

TUrd Sxerme.— The teacher can distribute material oi diseased plants in which 
the disease is directly traceable to some bacterial organism. For this exercise, the 
professor should have a stock of at least a half dozen diseased plants properly fixed 
and preserved in 50 per cent, alcohol. The material, which has been distributed, 
should be cut free-hand by the student and the sections mounted as directed, or the 
student can imbed the material in ceUoidin, or in paraffin, to secure thinner serial 
sections by the use of a diding, or rotary microtome. To carry on this exercise, the 
student should have an acquaintance with ceUoidin and paraffin technique. 

VoUTih Exercise , — Where the student has plenty of time and expects to specialize 
in the study of the bacterial diseases of plants, then he, or she, should follow the 
foflowing scheme suggested by Chester in his “ Manual of Determinative Bacterio- 
logy," the descriptions and keys of which can be used in a« detailed systematic 
study of bacterial organisms. This exercise can be pursued only after the student 
has learned cultural and isolation methods and not at the beginning of a course In 
mycology and its technique. 


LESSON 27 

Schemt for tho Study of Batteruu — The Society of American Bacteriologstis has 
adopted a numeric system of recording the salient characters of an organism (group 
number). 


too Kndospores produced. 

200 Endospores not produced. 

10 Aerobic (strict). 

Facultative anaerobic. 

30 Anaerobic (strict). 
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1 Gelatin liquefied. 

2 Gelatin not liquefied. 

o. I Acid and gas from dextrose. 

0.2 Acid without gas from dextrose. 

0.3 No acid from dextrose. 

0,4 No growth with dextrose. 

o.oi Acid and gas from lactose. 

0.02 , Acid without gas from lactose. 

0.03 No acid from lactose. 

0.04 No growth with lactose. 

0,001 Acid and gas from saccharose. 

0.002 Acid without gas from saccharose. 

o . 003 . . . ^ No acid from saccharose. 

0 . 004 No growth with saccharose. 

0.0001 Nitrates reduced with evolution of gas. 

0.0002 Nitrates not reduced. 

0.0003 Nitrates reduced without gas formation, 

0.00001 , Fluorescent. 

0.00002 Violet chromogens. 

o . 00003 Blue chromogens. 

0.00004 * Green. chromogens. 

0.00005 Yellow chromogens. 

0 . 00006 Orange chromogens. 

0.00007 Red chromogens. 

0.00008 Brown chromogens. 

0.00009 Pink chromogens. 

0.00000 Non-chromogens. 

0.000001 Ciastatic action on potato starch (strong). 

0.000002 Diastatic action on potato starch (feeble). 

0.000003 Diastatic action on potato starch (absent), 

0 . oooooor Acid and gas from glycerin. 

0.0000002 Acid without gas from glycerin. 

0.0000003 No add from glycerin. 

0.0000004 No growth with glycerin. 


The genus, according to the system of Migula, is ^iven its proper symbol which 
precedes the member thus; According to the above the symbol of Bacillus coli 
would be B. 222.11 1102 and of Pseudomonas campestrls Ps. 211.333151. This will 
be found useful as a quick method of showing close relationships inside the genus, 
but is not a sufficient characterization of any organism. The descriptive chart of 
the Society of American Bacteriologists of which the above decimal system forms 
a part will be found useful in the detailed systematic study of the bacteria. It was 
prepared by F. D. Chester, F. P. Gorham and Erwin F. Smith, appointed as a 
committee on methods of identification of bacterial species. Their report was 
endorsed by the sodety at the annual meeting, December, 1907. 
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LESSON 28 

Xhc detailed investigation of the bacteria and other fungous organisms, as out- 
lioed can be undertaken only after the student has become acquainted with 
the culiural methods given in another section of this handbook, but the table adopted 
by (be Society of American Bacteriologists is given below, because it fits into, the 
general discussion and study of the classification previously given. . 

I morphology. 

1. Vegetative Celis.— M edium used 

, temp , age , days 

Form, round, short rods, long rods, short chains, long chains, filaments, commas, 
short spirals, long spirals, Clostridium, cuncate, clamte, curved. 

Limits of size 

Size of majority 

Ends, rounded, truncate, concave. 

Orientation (grouping) 

Agar ^ Chains (number of elements) 

hanging block Short chains, long chains. 

^ Orientation of chains, parallel, irregular. 

2. Sporangia. — M edium used 

temp 

Form, ellipik, short rods, spindled, clavate, drum-slicks. 

Limit's of size 

Size of majority 

Location of endospores, central, polar. 

3. Endospores. — F orm, round, elliptic, elongated. 

Limits of size 

Size of majority 

Wall, thick, thin. 

Sporangium wall, adherent, mn-adherent. 

Germination, equatorial, oblique, polar, bipolar. 

4. Flagella. — N o Attachment, polar, bipolar perilricMate. 

How stained 

5. CAPSULES.—Present on 

6. ZOOGLCEA, PSEUDOZOOGLCEA. 

7. Involution Forms. — O n in days at ®C. 

8. Staining Reactions.—! ; 10 watery fuchsin, gentian violet, carbol fuchsin 
Loeffler’s alkaline methylene-blue. 

Special stains 

Gram Glycogen 

Fat Acid-fast 

Neisser. 

II. CULTURAL FEATURES 

1, 2, 3. Agar Stroke, Potato, Loepfler’s Blood-serum,— 

Growth, invisible, scanty, moderate, abundant. 
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Fonn of growth, filiform, eckinulate, headed, sfireadirtg, plumose, 
cent, rhizoid (Fig. 225). 

Elevation of growth, fiat, efuse, raised, convex. 

Luster, glistening^ dull, cretaceous. 

Topography, smooth, contoured, rugose, verrucose. 

Optic characters, opaque, translucent, opalescent, iridescent. 

Chromogenesis, 

Odor i absent, decided, resembling 

Consistency, slimy, bulyrous, viscid, membranous, coriaceous, brilur. 
Medium, grayed, browned, reddened, blued, greened. 

Liquefaction <Loefl 9 er’s blood-serum) begins in days, complete 

in days. 

4, 5. Agar Stab, Gelatin Stab. — Growth, uniform, best at top, best at hnitom 
surface growth scanty, abundant; restricted, widespread. 


; I I * I I » I I ♦ I j 5 



Fig. 225. — Types of streak cultLire. l, Filiform (Bacillus coli); 2, echimjlatt 
[Bacterium acidi lactici); 3, beaded (Streptococcus pyogenes); 4, effuse (B, vulgaris); 
5, arborescent (Bacillus mycoides). (From McFarland, after Frost in Schneider. 
Albert: Bacteriological Methods in Food and Drug Laboratories, 1915: 89.) 


Line of puncture, filiform, headed, papillate, villous, plumose, arboresemi. 
Liquefaction, crakriform, napiform, infundibuUform, saccate, stratiform, 

begins in days, complete in days. 

Medium, fluorescent, browned. 

6. Nutrient Broth— Surf ace growth, ring, pellicle, fioccuUnt, membranous, nmc. 
Clouding, slight, moderate, strong; transient, persistent; none, fluid turbid. 

Odor, absent, decided, resembling 

Sediment, compact, fioccvleni, granular, flaky, viscid on agitation, ahuttdanl, 
scant. 

7. Milk. — Clearing, without coagulation. 

Coagulation, prompt, delayed, absent. 

Extrusion of whey, begins in days. 

Coagulum, slowly peptonized, rapidly peptonized. 

Peptonization, begins on days, complete on days 
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Keaction, l day , 2 days , 4 days , 10 days 

:o days. 

Consistency, sUmy^ viscid^ unchanged. 

Medium, browned, reddened, blued, greened. 

I -ab. ferment, present, absent. 

8. 1 JTMUS Milk.—A cid, alkaline, acid then alkaline, no change. From pi reduction, 
no reduction, partial slow reduction. 

10. Gelatin Colonies. Agar Colonies.— G rowth, slow, rapid. 
(Temperature ) . 

Form, punctiform, round, irregular, amceboid, mycelioid, filamentous, rkhoid. 
Surface, stnooth, rough, concentrically ringed, radiate, striate. 

Elevation, fiat, efiuse, raised, convex piikinale, umbonale, craterijorm 
(liquefying). 

Edge, entire, undulate, lobate, erase, lacerate, fimbriate, fioccose, curled. 
Internal structure, amorphous, finely, coarsely granular, grumosc, filamen- 
tous, fioccose, curled. 

Liquefaction, cup, saucer, spreading. 

XI. Starch Jelly.— G rowth, ^confy, copious. 

Diastatic action, absent, feeble, profound. 

Medium stained., 

12. Silicate Jelly (Fermis’ Solution) .—Growth, copious, scanty, absent. 

Medium stained 

13. Cohn’s Solution. — G rowth, copious, scanty, absent. 

Medium, fluorescent, non-fiuoresceni. 

14. Uschinsky’s Solution.— G rowth, copious, scanty, absent. 

Fluid, viscid, non-viscid. : 

15. Sodium Chloride in Bouillon. — P er cent, inhibiting growth 

16. Growth in Bouillon over Chloroform.— feeble, absent. 

17. Nitrogen.- — O btained from peptone, asparagin, glycocol, urea, ammonia 
salts, nitrogen. 

18. Best media for long-continued growth 


iq. Quick tests for differential purposes. 
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III. PHYSICAL AND BIOCHEMIC FEATURES 


1 

I. Fermentation Tubes Containing Peptone 
Water OR Sugar-free Bouillon, AND 

r 

s 

h 

P 

Saccharose ! 

Lactose 

r 

1 

« 

1 

S 

r 

1 

§ 


Gas production in per cent. (Fig. 226) 












1 






\CO 2 y 

Growth in closed arm 1 








Amount of acid produced i day 








Amount of acid produced, 2 days ! 1 


i 



i 

Amount of acid produced, 3 days i 



j 

i 




Fig. 226. — Graduated fermentation tubes for gas determinations. {Schtteider, 
Pharmaceutical Bacteriology, p. 60.) 

2. Ammonia Production. — FeeUe, moderate, strong, absent, masked by acids, 

3. Nitrates in Nitrate Broth. — ^Reduced, not reduced. 

Presence of nitrites ammonia 

Presence of nitrates free nitrogen 

4. Indol Production. — Feeble, moderate, strong. 

5. Toleration of Acids, — Great, medium, slight, acids tested 

6. Toleration of NaOH. — Great, medium, sUgU. 

7. Optimum Reaction for Growth in Bouillon, stated in Terms of 
Fuller’s Scale, 
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8 . VtTALIT^^ ON Culture Medu— moderau, long, 
g. rEMPENATUKE RELATIONS. ^Thermal death point (ten minutes exposure in 
nutrient broth when this is adapted to growth of organism) “C. 

JO, Killed readily by drying, resistant to drying. 

ji. Per cent, killed by freezing (salt and crushed ice or liQuiihair). 

,2. Sunlight. — Exposure on ice in thinly sown agar plates; one-half plate cov- 
ered (time jSfteen minutes), sensitive, non-sensitive. 

Per cent, killed 

13. Acids produced 

14. .VLKAUS PRODUCED 

15. Alcohols 

16. Ferments.- — Pepsin, trypsin, didslase, invertase, peciase, cytase, tyrosinase, 
oxidase, peroxidase, lipase, catalase, glucase, galactase, lab, etc. 

17. Crystals rormed 

18. Efpects op Germicides 


Substance 

i « 

i i 1 

Method used ? K ' 2 

; 5 1 33 

^ 1 ! t 

1 ii ; H 

c 

'a 

ee 

c 

5 

JC 

0 ° 

2 

S O-w 

< vl 

■ 

; i 



1 i 









i 

i 

i I 

i 

i 

! 1 




! i i 



i 

1 

. ; i 



IV, PATHOGENICITY. 

1. Pathogenic to Animals. — Insects, crustaceans, Jiskes, reptiles, birds, mice, 
rats, guinea pigs, rabbits, dogs, cats, sheep, goals, cattle, horses, monkeys, man. 

2 , Pathogenic TO Plants.— 


3. Toxins.- — Soluble, endotoxins, 

4 - Non-toxin forming 

i. Immunity (bactericidal) 

6 . Immunity (non-bactericidal) 

7. Loss OF Virulence on Culture Media.— Pro gradual , not observed 

in months. 
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The Society of American Bacteriologbts has endorsed a brirf character;,'^ 
as a part of the descriptive chart which it has published, 'this brief descri. 
useful in a comparatrve study of different microoiig^isms. 

BRIEF CHARACTERIZATION 

Mark. + or o, and when two terms occur on a line, erase the one which du.-; 
apply, unless both apply. 


i Diameter over ifi 


Chains, hi aments ■} 

Bndospores 

Capsules 

Zoogloea, psaudozooglcea 

Motile 

Involution forms 


1 Gram's stain i 


Cloudy, turbid j 

D Ui 

Ring ( 


Pellicle 


Sediment 


Shining * 

1- r 

Dull j 


Wrinkled 


Chromogenic 

i 

Round 


Proteus-like 

1 plate 

Rhizoid 


Filamentous 


Curled 

Gel. 

Surface-growth 

stab 

Needle-growth 


Moderate, absent 

Potato 

! Abundant j 


Discolored [ 


Starch destroyed j 

1 Grows at 37®C. j 

1 Grows 

in Cohn’s sol. 


Grows in Uschinsky's sol. 


o Gelatiii 

'■P 

« Blood-serutn 

^ Caseio 

AgM, mannite 
Acid curd 
Milk Rennet curd 
1 Casein peptonized 
Indol “ 

Hydrogen sulphi'd 
Ammonia 
Nitrates reduced 
Fluorescent 
Luminous 

Animal pathogen, epizoon 
Plant pathogen, epiphyte 
Plant pathogen, endophyte 
Soil 
MUk 

Fresh water 
Salt water 
Sewage 
Air* 

Iron bacterium 
Sulphur bacterium 
Erythfo bacterium^ 

Nitro bacterium* 

Nodule-producing* 

Fermentation* 

Retting* 

Dairy* 

Pharmaceutic* 


^Additions to the original chart of the Society of American Bacteriologists. 
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Notes,— T he morphologic characters shall be determined and described from 
obtained upon at least one solid medium (nutrient agar) and in at least 
gje lK,iiid medium (nutrient broth). Growths at 37T. shall be in general not older 
jjjjn t .venty-four to forty-eight hours, and growths at 20X. not older than forty- 
ei^ht to seventy-two hours. To secure uniformity in cultures, in all*cases prelirai- 
cultivation shall be practised as described in the revised Report of the Com- 
niittee on Standard Methods of the Laboratory Section of the American Public 
Healdi Association, 1905. 

The observation of cultural and biochemic features shall cover a period of at 
least fifteen days and frequently longer, and shall be made according to the revised 
standard methods above referred to. All media shall be made according to the same 
standard methods. 

Gelatin stab cultures shall be held for six weeks to determine liquefaction. 

Ammonia and indol tests shall be made at the end of tenth day, nitrite tests at 
end of fifth day. 

Titrate with ^ NaOH, using phenolphthalein as an indicator; make titrations 

at limes from blank. The difference gives the amount of acid produced'. 

The titration should be done after boiling to drive off any CO* present in the 
culture. 

Generic nomenclature shall begin with the year 1872 (Cohn’s first important 
paper). Species nomenclature shall begin with the year 1880 (Koch’s discovery of 
the poured plate method for the separation of organisms). 

Chromogenesis shall be recorded in standard color terms. 

LESSON 29 

DIRECTIONS FOR TEE STUDY OF PATHOGENIC FUNGI 

The directions given below for the study of the fungi which cause diseases in 
plants have been made as general as possible so that the student will find enough 
ftexibility in the outline that it may be applied to description of any of the patho- 
genic fungous organisms which may be presented to him in his laboratory or field 
work. The use of such directions is in line with the best leaching methods in this 
country at the present time. The student is given the diseased organ or plant for 
study and by following the outline an acquaintance is obtained not only with the 
diseased conditions of the host, but with the morphologic character of the fungus as 
well. Some teachers emphasize the importance of getting away from the study of 
systematic details and concentrating the attention of the members of the class in 
mycology upon the plant diseases on the basis of the pathologic phenomena exhibited. 
Perhaps this is the best plan with advanced students, who have some knowdedge 
of the morphology and classification of the fungi, a knowledge which should precede, 
it seems to the writer, a mote detailed study of these interesting plants. It is recom- 
mended to the teacher that this outline be used closely in connection with the study 
of the diseases described in part III of this book. The teacher, of course, is at liberty 
lo select other forms for study as the geographic locality may afford. The following 
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outline is suggestive of such study, where the heading suggests the question whiclii 
the students ask themselves in their examination of the diseased plants. 

Serial number of type. Place of collection. 

Habitat and soil condition. Date. 

Name of host. Common names of disease, 

History and geographic distribution. 

Additional data (Here may be given the nature and amount of loss). 

SYMPTOMS 

Under this head should be described the general structural changes (morphologic, 
or histologic) which are manifest in the diseased host plant, and which distinguish it 
from a healthy individual. They may be treated under the following captions; 

1. General appearance of the diseased plant. 

2. Change in form of part diseased. 

3. Change in taste and odor. 

4. Change in color as contrasted with healthy part. 

(0) Pallor (chlorosis), yellow or white instead of normal green. (Do such 
names as mosaic, calico and yellows apply?) 

(b) Colored spots or areas on leaves, stems, fruits (black, brown, orange, 
red, variegated, white, yellow, etc.). 

5. Perforation of leaves (shot-hole). 

6. Damping-off, wilt, wilting, blight (blossom-blight, body-blight, leaf-blight, 
twig-blight). 

7. Death of leaves, twigs, stems, etc. (necrosis). 

8. Dwarfing or atrophy. Several names have come into current use expressive 
of such condition, as: curly dwarf, leaf -roll, little-peach, spindling-sprouts. 

9. Increase in size: hypertrophy. Measurements should be made of the en- 
larged parts as contrasted with the normal and the following names may be found 
applicable in the study of the hypertrophy: crown-gall, root-gall, root-knot, root- 
tubercle. 

10. Replacement of parts by new parts. 

11, Mummification, character of. 

13 . Change in position of organs. 

13. Disappearance or non-formation of plant parts. 

14. Excrescences and malformations. The following names may be found 
suggestive in the description of excrescences and malformations: Cankers, corky 
outgrowths, pustules, rosettes, scabs and witches’ brooms. 

15. Exudations. 

Slime flux. 

Gummosis. 

Resinosis. 

16. Rotting.— The following terras are suggestive of some kinds of rot: bud rot, 
collar-rot, crown-rot, foot-rot, heart-rot, root-rot, stem-rot and the following par- 
ticular kinds given prominence here. 
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Dry-rot. 

Soft-rot (Gangrene). 

Black-rot. 

White-rot. 

SIGNS 

The incidental or experimental evidence of disease is indicated by marks or 
Such signs are usually afforded by the fruiting or vegetative part of the 
pathogenic organism. Such terms as mildew, mould, ooze, rust and smut are indica- 
tive of diseased or parasitic conditions. 

General Suggestions. —In the report which is made by each student following 
the above outline, drawings should, as far as possible, accompany the descriptions. 

ETIOLOGY 

Common Name of Pathogen. 

Scientific Name. 

Family. 

FATHOGENicrry. 

Additonal Data. 

Cultural Character of Organism. 

Note. — In case the pathogenic organism is bacterial the directions for its 
study have already been given as recommended by the Society of American Bac- 
teriologists. As the outline of the Society is the outcome of years of study, it 
should be followed in all cases, but in addition the following directions for the study 
of parasitic plant organisms should be kept in view by the my cologic student. 

Isolation of organism in pure culture. Directions have been given for the manu- 
facture of culture media and for the isolation of fungi in pure culture. These should 
be followed. 

Inoculation of pure culture into healthy host plants. 

Recovery of organism in pure culture, 

LIFE HISTORY 

The Primary Cycle . — Nature of mycelium (septate, or unseptate; presence or 
absence of haustoria (nature); intercellular, or intracellular hyphae; color; contents; 
penetration and destruction of host cells — pathogenic histology of host). 

Kinds of spores (sexual or non-sexual; conidia; pycnospores; oidiospores; 
chlamydospores; ascospores; zygospores; oospores; uredinlospores; teliuspores; 
sciospores; basidiospores, etc.). 

Sizes, shapes and color of spores. 

Importance in life cycle. 

Pathogenesis of primary stage. 

Saprogenesis. 

The Secondary Cycles.— 'The same order of procedure should be observed in the 
study of the secondary cycles as in the examination of the primary. 

4r 
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Influence of Soil Faci’ors. 

Influence of Climatic Factors. 

Control. 

QmraiUine meastircs. 

Spraying. 

Remedial measures (dressing wounds and soil amelioration). 

Breeding (selection of resistant strains and crossing). 

Eradication (burning of diseased plants, cultivation of soil by rotation 
disinfection). 

Literature Relaxing to Disease and Organism. — The citations winch an 
given in this section can be arranged with reference to their importance and witl. 
some view of the above outline of study. For example, papers dealing with the 
disease in general, with the morphology of the fungus, with the method of control 
might be listed separately under one of the above heads. It is important for the 
student to get acquainted with the literature of a subject; otherwise he cannot 
appreciate what has been done in his particular field of scientific endeavor. 
A bibliography should be made. 



CHAPTER XXXVIII—LABORATORY AND TEACHING 
METHODS (CONTINUED) 

LESSON 30 

Ifioculalion Expcrifnents. —The experiments recorded below need not be rigidly 
followed by the rriycologic teacher. Other »orgamsms and other hosts can be used 
just as satisfactorily. The types used must be determined by locality and by other 
considerations of cultural methods and laboratory facilities. The directions below 
may be taken as samples. 

Peldo Rot {Fusarium trichothecoides ). — Take Green Mountain potato tubers artd 
sterilize surface by soaking in 2 per eent\ formalin for two hours. The tubers are 
tien held with towels that have been boiled in water, and arc wrapped in these steri- 
lued wet towels after having been inoculated with Fusarium trichoikecoides by 
pricking the surface of the tubers and dipping them in distilled water which holds 
ike spores of the fungus in suspension. The potato tubers wrapped with wet towels 
lire then surrounded with oiled paper and kept at a temperature not lower than 
ro'’ to 1 2°C. Tubers of several varieties can be used, such as Up-to-date, Early Rose, 
Irish Cobbler. If the inoculation has been successful, results will be noted in ten 
to fifteen days. A transfer to potato slant test-tubes will result in a fungus which 
has powdery-rosy appearance. Consult Jamison-, G. 0 ., and Woluknvvebkk, 
H. W.i An External Dry-rot of Potato Tubers caused by Fusarium trichothecoides. 
Journal of the Washington Academy of Science, TI, No. 6, March 19, 1912. 

.\fter the normal lesions have been obtained and the fungus studied mor- 
phologically under the microscope, take small slices of potato tuber showing healthy 
and diseased tissues in proximity and fix in chromacetic acid. Wash off the fixa- 
tive in running water, and carry through the alcohol, etc., to paraffin. After im- 
bedding in parafiin, section and mount as usual (see Lesson 42). 

Crou'fi-gall {Pseudomonas iimcfo.cic.ns) (Fig. 227). -Inoculate the stem of a 
geranium {Pelargonium zonak) with the organism in pure culture by first 
'vashing the stem at the intended point of infection with i per cent, formalin and 
then with distilled water. Place some of the pure culture on the stem by means of 
aplaliiium needle and prick the organism into the stem with a sterile needle mounted 
in a wooden handle. The part of the geranium stem selected should be a young 
actively growing leader {consult the Bulletin of Erwin F, S.mitH, and the book 
of Duggar, Diseases of Plants, pp. 114-118). 

This organism can be successfully grown on beef agar which is made as follows. 
To 1000 c.c, of peptonized beef bouillon add i per cent, of agar flour, steam three- 
quarters of an hour and cool down below Oo^C. Then add neutralized white of t\vo 
?ggs to clarify. Made to + 15 Fuller’s scale by adding 4NaOH. Ihe test-tubes 
are autoclaved fifteen minutes at i io°C. 

643 
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For this and other experiments consult Melhus, T. E.: Culture of I' ••asitic 
Fungi on Living Hosts. Phytopathology, ii: 197-203, October, 1912. 

Pear Blight {Bacillus amylovorus, Burrill) (Fig. 22S). — Takh some pea t\Yijrs 
long enough to be accommodated easily under an ordinary bell jar. C n 
these stems under water and transfer to a jar under water, so that the cut iv us are 
not exposed to the air. Then make slanting cuts at the upper end of th ^ twigs 
with a sterile knife and inoculate the cut ends with the organism. Cover th. twigs 
and jar in which they are placed with a bell jar, as shown in the accom[):iirvin(» 



Fig. 227. — Crown gall artificially produced in greenhouse of University of Penn 
sylvania by inoculation of Pelargonium zonale with Pseudononas tumefaciens, {Phol 
by Charles S. Palmer.) 

illustration. Note the result of the inoculation on the tissue of the twigs and on th 
health of the leaves. Consult Duggak, B. M.: Fungous Diseases of Plants, PF 
131-129. 

Lettuce Drop {Sclerotinia Liberiiana, Puckel.).— -Lettuce leaves may be ir 
oculated by means of the sclerotia of fungus, or by the mycelium laid upon the sui 
face of scarified areas of the leaf. As inoculation produces a virulent form of th 
disease control, plants of lettuce should be kept for comparison (Duggar, pp. 190-200 
Will of Smei Corn {Backrium {Pseudomonas) Skwarli E. F. Si£. (Fig. 229)- 
This organism was furnished on beef agar and is best inoculated by applying saa 
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^uactiiies of a pure culture to a stem of young sweet corn and then pricking it in by 
jieans of a sterile needle. Some have inoculated the young sweet corn plants 
iy pla ing the organism in the drops of water which exude from the tips of the corn 
jjjves early in the morning, but the inoculation by means of needle pricks is more 
certain. Sections should be made of the stem at various stages of growth after 
inociilntion. This is done by using a number of plants. Free-hand sections, or 
paraffin sections, will show the presence of the organism in the vascular bundles. 
Stain with carbol fuchsin (Duggas, pp. iii“ii 3 ). 



Fig. 228.— Arrangement of experiment for inoculation of pear twigs with blight 
organism, Bacillus amylovorus. 

LESSON 31 

Bl^k-rot of Cruciferous FUnts (Baclcriim (Fseudomms) cmfesiriSf Pammel) (see 
Smith, Enw. F.-. Bacteria in Relation to Plant Diseases, pp. 300-334; Dugcar, 
B. M.: pp. 107-iti). — This organism is best inoculated into the stem of young 
cabbage plants below the upper last three leaves, because of the tendency of these 
leaves to drop off before the disease has progressed to its fullest extent. The stem 
is first washed, the organism is smeared on at the point of inoculation and pricked 
by a sterile cambric needle into place. It is recommended that several sections 
be made, and that to secure the several stages, a number of different inoculations 
be made. 
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Chestnut Blight {EndotUa {Diaportke) parasitica (Murrill) Anderson). 
tion into the chestnut tree should be made into scarifications of the bark n icig jjy 
means of a sterile scalpel. The bark should be washed before inoculation by meanj 
of a weak formalin solution ‘followed by distilled water. The summer spoi. j can 
be rubbed into place by means of a sterile platinum needle. 



Fig, 229. — Young corn plant showing 
places for inoculation with Pseudomonas 
Stewarti. 


Appel’s Potato Rot (BacMu:! pkyio, 
pktkorus, Appel.).— This organisui read- 
iJy grows on beef agar. It is iuocu- 
lated into washed parts of the j)ot.ai(j 
stem by smearing some of the rulture 
on the stem and pricking into plate by 
means of a sterile cambric ncciht into 
the young growing tissue. 

LESSON 32 

Sleepy Disease of Tomatoes {Fusdrium 
lycopersici Sacc.), — This organism tan 
be cultivated on steamed rice, or on 
potato slants. Inoculate just above the 
lower leaves of the young stem by first 
washing the stem with distilled water. 
Place some of the culture on the part 
of the stem to be inoculated and prick 
the fungus into the stem with a sterile 
needle. In ten to fifteen days, the 
tomato plants begin to wilt and in 
three weeks the diseased conditions art 
unusually good for study. The culture 
growths show pale orange spore masses 
and a whitish mycelium. The tomato 
variety Consate is not susceptible. 
Wollenweber used the variety Stone 
and found it satisfactory. 

Egg Plant Wilt {Vcriicillium dho- 
atnm ). — Inoculate the hypocotyl near 
or below the soil level with spores sus- 
pended in water of a ten days old cul- 


ture. Egg plants of any age may be inoculated. Black sclerotia are found in 
from ten to fourteen days alter the inoculation. This organism is readily grown 
on potato slants. 

Wilt Disease of the Colton Co'ntipcas and Watermelon {Neocosmospora vasinfecic 
(Atkinson) E. F. ^.).— See Dugg.^r, B. M.: Fungous Diseases of Plants, pp. 233' 
239; also Smith, Ekw. F.-. Wilt Disease of Cotton, Watermelon and Cowpeas. hull. 
17, U. S. Division of Vegetable Physiology and Pathology', 1899. 

As plants of cowpea, cotton and watermelon have been grown in the greenhouse 
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jjd arc ready for inocuiation, experiments may be tried on all three of these plants. 
jnocul'tioD with this fungus should he made into the roots of these plants, just below 
{be soil of the experimental pots. The soil should be removed and the tops of the 
1 lid bare. Inoculation can be made by incisions into the root into which the 
mycelium or spores of the fungus are rubbed. After inoculation the soil can be 
j^{urncd to its place. 

LESSON 33 


Knot of Citrus Trees {Sph(Eropsistumefaciens)—Succt?,du\ inoculations have been 
made on lime, pomelo, lemon, tangerine and hardy orange {Citrus Irifoliata). 

first Method . — Make a small T-shaped cut in the back of a lemon or orange tree 
ftith a sterile knife and insert some mycelium. Smooth the bark down and bind 
ihe stem Mth raffia to cover the wound completely. 

Afeikfld.—Inoculate by pricking the stem three times with a sterile cam- 
bric needle fixed in a wooden handle, then place a little mycelium over these punctures 
jnd bind with raffia. 

Third Method.— Inoculate by cutting off a very small amount (2 or 3 sq. mm.) 
the outer bark, then spread the mycelium over this injury and bind it with raffia. 
A year may elapse before the galls arc fully formed. 

Consult Hedges, Florence, and Tenny, S. S.: A Knot of Citrus Trees Caused 
by Sphsropsis tumefaciens. Bull. 247, Bureau of Plant Industry, 1912. 

Clover Disease.Sdect either red, white, or alsike clover plants somewhere in 
a protected place in the garden, or as potted plants in the greenhouse, and inoculate 
with Bacillus lathyri. The inoculation may be made by an atomizer. Make a 
suspension of the organism in distilled water by means of several loopfuls stirred in 
tk water. Spray the clover plants with the water and cover with a bell jar for a 
few days (J. J. Taubenhaus), 

LESSON 34 


Sweet Pea Diseases (J. J. Taubenhaus) .-Take several potted sweet pea plants 
and spray the leaves by means of an atomizer, which has been sterilized previously 
by boiling in water. Make a suspension of the spores of Glonimlla rufomaculans 
in water and spray this water upon the sweet pea plants which should then be 
covered with a bell jar. Study the stages of spore germination and spore inoculation 
by sacrificing daily one of the sprayed plants. , ^ j 

Inoculate the seeds of sweet pea varieties with cultures of Fusarnm sp. and 
CorUciuM ,agum by immersing the seeds in water containing a suspension oHunjus 
spores To get this suspension stir up the separate cultures m a sterile wateh glass 
ia distilled water. Then dip the seeds in this water and plant the =“dsin loamy 
soil in pots for greenhouse culture. Follow the germination of the peas and 
progress of the disease, thus communicated to the plants. 

inoculate the sweet pea by placing a pure culture o root-rot. ) 
on the roots of sweet pea plants. Another method adapted to prove P““o 
senicity of the fungus is to sow pure cultures of it on sterilised see s (secc s rca 
with ^ Dcr cent formalin for one-half hour) in sterile pots ant soi 

Inoculate seedlings of sweet peaVith Ch<3lmmm crh-pal«m by soaking the seeds 
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in distilled water containing the spores of Uie fungus. The seeds should b pre 
viously sterilized, as described above, and the suspension of spores mhde as bove 
directed. Healthy plants should be raised from uninoculated seeds as checU on 
the progress of the disease in inoculated plants. 

Inoculate sweet pea plants with Sclerotinia libertiana by introducii^ pic; js of 
the fungus into pots in which sweet peas are growing. Have a potted plan' as a 
check and cover both plants with a bell jar in order to imitate the moisture r 
lions of the greenhouse. After four to six days, wilting of the inoculated f hnts 
will be noted, while the check remains in a perfectly healthy state. 

LESSON 35 

Experiment -with Artificial Wounding of Plants. 

1. Take any herbaceous plant such as hyacinth, snowflake, daffodil, and by 
means of a pair of scissors make a short cut into the tissues of the leaves of these 
plants, into enough of leaves, so that a serial study can be made of the formation 
0^ healing tissue. Pieces of the leaf we taken from time to time and sectioned by 
any of the methods described in Lesson 42. 

2. Take any living shrub or tree and make the following cuts: 

(u) With a knife cut out a thin longitudinal piece of bark down to the cambium. 

{h) Make an irregular tear in the bark by removing a small piece down to the 
wood. 

(c) Cut out a ring of bark half way around the stem. 

(d) Make incisions into a pine tree and by means of sections study the flow of 
resin and the healing operation. 

(e) Make incisions into the ordinary rubber plant Ficus elaslica, and study 
with sections the effect of the injury on the cells affected. 

(/) Make incisions into any of the woody euphorbiaceous plants of the greenhouse 
and study the injuries produced in a similar analytic manner. 

3. Cut out larger pieces of bark from deciduous trees and shrubs and by sections 
study the formation of cells. By several trips to the fields much of the material 
illustrating the healing of wounds can be obtained for the making of sections and in 
all stages of development without waiting for the slow development of new tissue in 
the experimental plants. Cut with sliding microtome. 

Note the formation of tyloses in many of the woody stems studied. Linden is an 
especially good tree to show their formation. 

Study callus formation of various cuttings, for example, Ficus, Geranium, Ostrya, 
Populus, Quercus and Ulmus. Place the ends of these cuttings in different media, 
as follows: 

X. One end in water, the other end in dry air. 

2. One end in water, the other end in moist air. 

3. Both ends in moist air. 

4. Both ends in water. 

5. One end in moist air, the other in dry air. 

6. bne end in water, the other in moist sand. 
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One end in incest air, the other in sand. 

g. Two wtds in wet sph^nura. 

9. One end in wet sphagnum, the other in moist air. 

JO. One end in wet sphagnum, the other in wet sand, etc. 

Try wounding the cotyledons ol TUseolus, Vkia, etc, ; also young seedling plants, 
rose plaster casts to envelope the cut ends. C/. Tittman: Physiologische Unter- 
aicKungen uber Cailusbfldung an stecklinger holziget' Gewachse. Pringsheim 
jahrb. iui wissensch. Bot., xxvii: 164, 1895, 

After securing callus under experimental treatment, then cut, stain and mount for 
niicroscopic study. See KbstEK, Ernst: Fathologische Pflanzenanatomie, 2d, 
Edition. 

LESSON 30 

Gas Injuries. — See Exper. Sta. Rec., xxx, 131, February, 1914, 

Take a series of potted plants and introduce into the soil by means of the hole 
in the p6t bottom different quantities of illuminating gas by means of a rubber tube 
connected with the gas pipe. Note the eRect oi the illuminating gas on the health 
of the plants. Set wtlow cuttings in water treated and untreated with gas; note 
theeffect- 

Tafce another set of potted plants and place them beneath bell jars, as follows: 

Plant A beneath a bell jar with a beaker of water containing illuminating gas 
intioduced into the water from the gas pipe. 

Plant B beneath a bell jar into which free gas is conducted by a rubber pipe from 
the gas jet. C/. Stone, G, E.; Effects of Illuminating Gas on Vegetation. 25th 
Annual Report Mass, Agric. Exper. Sta., igi.v 13 -28; The Effect on Plant Growth 
of Saturating a Soil with Carbon Dioxide. Science, new' see. xl: 792, Nov. 27, 1914. 

Sittofee Injuries. — See Clevenger, J. F.-, Mellon Inatit. Full. No, 7, 

Take a series of potted plants of different species and expose them to smoke , 
conducted to them by means of glass tubes or rubber tubes from the receptacle 
where the smoke is generated. Study sections of the smoke-injured tissues. 

Tobacco smoke may be tried on tender plants likewise. Consult Bakke, A. L. : 
The Effect of Smoke and Gases on Vegetation. Iowa Academy Sciences, igrj 
(xx): 169-188. 

As to smoke injuries, consult also Baeke, A. L.: The Effect of City Smoke on 
Vegetation. Bull. 145, Agric. Exper. Sta. Iowa State Coll, ol Agric. and Mech. Arts, 
October, 1913. See also Kkight, H. I. and Crocker, Wk, : Smoke and Gas Poison- 
ng. Bot. Gaz., May, 1913: 337-571* 

Acid /njwricy.— Treat plants with dilute solutions of various acids and note 
heir effect on the leaves and flowers. The common morning glories, Ipont<iea 
'turpurea, ate useful lor this purpose. 

Raise some morning-glory plants to flower and treat with dilute acids by spray- 
ag with an atomizer. Cf. Stone, George E.: The Influence of Various Light 
atensilies and Soil Moisture on the. Growth of Cucumbers and their Susceptibility 
0 Burning from Hydrocyanic Acid Gas. 25th Annual Report. Mass. Agric. Exper. 
ita., 1913: 29-40* 
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LESSON 37 

Enzyme Diseases —Study diseases of green plants by taking a 
leaves of various variegated Anthuriums and other greenhouse species anr; trtai 
them as follows: The leaves to be tested are to be boiled for about one minute In 
water, when they should be flaccid and free from intercellular air. They arc then 
placed in methylated spirit warmed to 50® to 6o^C. : cold spirit will remove the ( hloro. 
phyll, but not so quickly. To produce the iodine reaction, place the decoiorize^l 
leaves in alcoholic tincture of iodine, dilute with water to the color of dark beer 
In a few minutes they will be stained, and after washing in fresh water, they should 
be spread out on a white plate so that their tint may be well seen. When full of 
starch they are almost black, and with less amount of starch, the color sinks through 
purple, gray and greenish-gray to the yellow tint of starchless leaves (Sach’s methotJ) 

In Sch^per’s method prepare strong chloral hydrate by dissolving the crystals 
iu as much distilled water as will just cover them. The solution is now colored by 
the addition of a little tincture of iodine and is ready for use. 

DutcoloraHon of Cui Pieces of Plants . — Cut slices of fresh potatoes and expose them 
to the action of the air. Also grate some of the material and test the rapidity of 
discoloration. 

Take similar pieces and place them in distilled water for twelve hours. Then 
expose the cut pieces to the air, and note the result. 

These same experiments can be performed with various toadstools and fleshv 
fungi, when these are in season. 

Bibliography. Allard, H. A.: The Mosaic Disease of the Tobacco. Bull. U, S. 
Dept. Agr., No. 40, pp. 33, Jan. 15, 1914. 

Loew, O.: Catalase, U, S. Dept. Agr., Report 68. 

Stone, Geo. E.: Mosaic and Allied Diseases with Especial Reference to Tobacco 
and Tomatoes. 25th Annual Report Mass. Agric. Exper. Sta., 1913: 94-104. 

Woods, A. F.; Mosaic Disease of Tobacco. U. S. Dept. Agr., Bureau of Plant 
Industry, Bull. r8. 

Chlorosis . — Grow vetches and peas in nutrient solution; add 2 per cent, calcium 
carbonate, when chlorosis immediately appears, even if iron sulphate is present in 
the solutions. A few days in iron nitrate will cause the return of the green color. 
In treating plants for chlorosis, a 0.2 per cent, solution of iron nitrate sprayed on the 
leaves gives good results, 

Where pineapples can be grown in the greenhouse or the open the following facts 
will .suggest a line of experiments with them and their chlorosis. 

Chlorotic pineapples in Hawaii occur on acid or neutral soils that average 5.0 
per cent. Mn^O^ and 0.5 per cent. CaO. Chlorotic pineapples in Porto Rico occur 
on soils containing from 2 to 80 per cent, carbonate of lime and no manganese. 
That the chlorosis in Porto Rico is induced by the carbonate of lime was proved by 
direct experiment. Soils which normally produced healthy pineapples were made 
to produce chlorotic plants by the admixture of carbonate of lime from different 
sources. We may thus speak of one as a manganese-induced chlorosis and the other 
as a lime-induced chlorosis. The lime chlorosis has been shown to be due to a lack 
of iron in the plant, caused by the carbonate of lime diminishing the availability 
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iron in the soil. M. 0 . Johnson at the Hawauan Experiment Station has shown 
llattli : chlorosis of pineapples occurring on highly manganiferous soils can be cured 
hyspr o’ing the leaves with ferrous sulphate, similarly in Porto Rico the disease due 
to calcareous soils can be cured by the application of iron salts.^ 

LESSON 38 

of Procure living material of the American mistletoe {Phora- 

iftdm fiaveicens) or European mistletoe {Viscum album) and make sections with 
the sliding microtome of the stem of host and the parasitic roots of the parasite 
and study in detail the association of host and parasite (Figs. 119, 120, 121). 

This method of study can be used with Loranthus Sadebeckii on Citrus medka. 
See KlebaHn, Dr. H.: Grundzugc der allgemeinen Phytopathologie, 1912; no. 
Cf. Tubevt,^ C. von; Infektionversuche mit tier rotfructigen Mistei. Naturw. 
Jahrb. Forst. und Landw., xi; 51; Bot-Cciitraiblatt, 123: 293. 

Dodder . — Gather material of Cusada, Orobancke, Gcrardia, Lalhrm and other 
parasites, and study their anatomy as connected with the anatomy of the hosts on 
ffMch they occur (Figs. 1 17, 122, 123). 

The writer has frequently made sections of the stems of the Jp-Pye weed, Eupa- 
Uriunt purpureiim, parasitized by Cuscuta Gronmiii. These sections were made with 
the sliding microtome and have been kept in 50 per cent, alcohol until ready for use. 
As class exercises they have been double-stained with safranin and methyl green, 
which brings out the relationship of host and parasite very nicely. Finally the 
sections have been mounted in balsam and drawn by each member of the class. 

LESSON 39 

IF if c Worms in Plants. — As the subject of the injurious effects of animals on 
plants is a large one and belongs rather to entomology and other departments of 
Zoology only one case will be studied here. 

J^ematode Infection of Plants . — Secure material showing the root infection of 
horticultural plants by the nematode worm, Heierodcra radickcla. Make sections 
showing relation of parasite to host. 

Take healthy jdants and infect them by transplanting into a soil containing the 
eggs or the live round worm. Study entry of the parasite into the hosts and by 
paraffin, celloidin or sliding microtome sections, study the relation of the parasite 
and host plants. 

Similarly, a study of insect galls can be made and their anatomy studied accord- 
ing to the description of galls previously given in the second part of this book. 
Such a study of galls should be encouraged by the teacher, wherever time and the 
arrangement of the courses makes it practicable to do so. 

‘ Gile, P, L.; Chlorosis of Pineapples Induced by Manganese and Carbonate 
of Lime, Science, new scr., 44: S56, Dec. 15, 1916. Ma^^e, P-, RTfOT, M. and 
hKMOiGNE, M.; Calcareous Chlorosis of Green Plants; The Rdie of Root Excretions 
in the Absorption of Iron in Calcareous Soils. Compt. Rend. Acad. Sci. (Pan's), 
.157,(1913), No. 12, pp. 49S-49S (Exper. Sta. Rec. xxix; 8a6). 
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LESSON 40 

Relation of Light to Pathologic Conditions . — While light pla>^ an import ji j 
in the devdopment of normal tissue, a lack of it is responsible for many a> orm 
conditions, and there are a number of diseases common to plants under glas- ’.vhkj 
are traceable to insufficient light. Plants, such as cucumber, grown under ti;. 
light common to November and December, have leaves of poor color, slend- r and^ 
elongated petioles, and little mechanic or resistant tissue, and when subjected :o the 
bright sun in the early spring every plant in the house will wilt. Poor ligi i also 
renders cucumber plants more susceptible to powdery mildew and often cauftjs the 
tender edges of the leaves to wilt, turn brown and die. The larger number of h aves 
produced in lettuce plants prevent light from reaching the stem, and stem-rot {Srlero- 
tinia) or “drop” coffid undoubtedly be prevented, if the stem were continually 
exposed to sunlight. The leaf blights of chrysanthemum and tomatp, caused by 
Cylindrosporium, are associated with insufficient light and circulation of air at the 
base of the stem. Cf. Stone, George E.: The Relation of Light to Greenhouse- 
Culture. Bull. 144 {July, 1913), Mass. Agric. Exper. Sta. 

Experimental Work—Giovr cucumbers and lettuce plants from seed and expose 
the potted plants, to various light intensides in the greenhouse by shading with 
several thicknesses of glass, by placing in shaded places in the greenhouse, by growing 
next to the glass in the best lighted places. Note the effect on the growth and general 
health of the plants. Grow morning glories in pots during winter and study growth. 

Etiolation and the Health or Vigor of Planis.~ln order to study the tonic influence 
of light upon a plant, we must study its growth in darkness. We find that a plant 
grown in the dark is modified both in form and structure. The woody and scleren- 
chymatous elements are much reduced, and the parenchyma of the cortex is in- 
creased in bulk. The stem becomes very much elongated and remains slender, 
It is more succulent than a normal stem, and bears extremely small leaves which grow 
out from it at a more acute angle than those which rise upon a normally illuminated 
stem. The reaction of its sap is much more acid. The chloroplasts do not become 
green, the pigment, which they contain, known as etioHn, being a pale yellow. In ' 
the leaves, the differentiation of the mesophyll into palisade and spongy parenchyma 
does not take place. Plants thus affected by darkness are said to be etiolated. 

Experimental Work . — Grow the following plants in light and in total darkness; 
Arisama triphyllum. Asparagus officinalis, Caladium esculentum, Castaneh dentata, 
Aesculus hippocasianum, Hyacintkus, Onoclea sensibilh, Osmunda cinnamomea, 
Polystickum acrostickoides, Quercus rubra, Sarracenia purpurea, etc. Contrast 
influence of etiolation by a determination of water content, dried material, ash, 
starch (by iodine method) duration of etiolated organs and plants, structure of leaves, 
development of emergences, stomata, lenticels, collenchyma, schlerenchymatous 
and other histologic structures. Sections can be made by paraffin and celloidin 
methods, etc. 

LESSON 41 

Withering, or Wilting of Plants . — When the amount of water given off by plants 
in transpiration is excessive, the leaves and branches lose their turgescence, become 



LABORATORY AND TEACHING METHODS 653 

jjtcKi anu tuoop, in other ymids they wUt, or wither. This wirheiing may be due 
^ the Ack of water in sufficient quantities, in the soil, or it may be due to the pres- 
^ 0: salts of hi^ osmotic equivalent in the soil, which render the absorption of 
^tcr difficult, or impossible. Plasmolysis may induce wilting, 

Experimental Study. —Take two potted plants and wrap the pot in rubber dam, 
oiled paper, so as to cover the pot and soil to prevent evaporation from their 
surfaces. Weigh both potted plants carefully. Water one each day with a meas- 
Bfed quantity of water and let the other remain un watered until the plant begins to 
tilt, then weigh it carefully to determine the amount of available water transpired, 
fhen knock out the plant and weigh the soil aiter drying in an oven to determine 
ihe amount of hygroscopic water present, 

We now make the following very instructive experiment with Heliantht^s tubmi- 
s„x. We bend down a long shoot without separating it from the plant, and without 
cracking it, so that a portion 20 cm, from the summit dips into water contained in a 
vessel placed below it, the summit of the stem and the leaves not being wetted. 
We cut through the stem with a sharp knife under water, so that the cut surface 
remains under water. Our shoot keeps fresh for days, while other Ilelianthus 
shoots cut off in the air, and then at once placed in water, rapidly wither. We may 
make them turgescent again by placing a withered shoot in the shorter limb of a 
U shaped glass tube containing water fixed in place in the tube by a rubber 
cork fitted air-tight about the stem. Mercury is now poured into the longer limb 
of the tube and its pressure is sufficient to revive the withered shoot. Consult 
SmvE, John W, and Livingston, B. E.: The Relation of Wilting Plants. The 
Plant World, No. 4, April, 1914: 81-129. 

Plasmolysis and Wilting . — Prepare 250 c.c. of 0.5 gram- molecular (M) solutions 
of potassium nitrate and of sodium chlorid as stock solutions. From these solutions 
make dilutions in small vials, capacity about 25 c.c. to contain the following strengths 
of each of the above solutions, namely o.io, 0.20, 0.30, and 0.40 molecular (M); also 
one vial with distilled water as a control. In each of the dilutions place a seedling 
of some plant (root as nearly entire as possible) with delicate stem or leaf stalks, 
such as lettuce, radish or mustard. Water plants can also be used, such as Elodea 
^igantea, ValHsneria spiralis y Trianea bogotensis and the staminal hairs of Trades- 
mtea and the filaments of Spirogjra nil-ida. Observe the dilutions in which wilting 
occurs and note the time required in the solutions in which it occurs. Compare 
the equivalent strengths of the two salts (The Country Gentleman, Dec. 6, 1913: 
i)8i). 


LESSON 42 

Methods of Sectioning. — By the time that this lesson is reached some of the plants 
which have been wounded or have been inoculated with the various bacterial and 
fungous organisms, or have been treated in various ways experimentally, will begin 
to show growth reactions. Such material can be studied by the making and mount- 
ing of sections. ' The sections can be made in one of three ways: (1) By free-hand 
sectioning, the razor ground flat on one side being held in the hand; (2) by the slid- 
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jjfast as they are cut, should be placed in 50 per cent, alcohol. Where free-hand 
jjctio’*!’ are used they should be placed immediately in 50 per cent, alcohol. 

Ceimdin Metkod.~li is customary to use two solutions of celloidin, a "thick” 
nhin.”^ The thick solution (about 10 or 12 per* cent,) should have the con- 
sistency of thick syrup. The thin may be made by mixing equal parts of thick 
jgd ether alcohol. The material inoculated as described in the preceding lessons is 
£red in chrom-acetic acid solution prepared as follows. 

Ciirom-ctcetic Acid Fixative. 

Chromic acid, i gram 

Glacial acetic acid, 1 c.c. 

Water, 98 c.c. 

Flemming's Fluid (Weaker solution). 

j I per cent, chromic acid, 25 c.c. 

A. “j I per cent, acetic acid, 10 c.c, 

( Water, 55 c.c. 

B. i per cent, osmic acid, ro c.c. 

Keep the mixture A made up, and add B as the reagent is needed for use. since 
it does not keep well. 

Wash the fixed material carefully in running water for several hours and put into 
30 per cent, alcohol, then by successive steps into 50 per cent. 75 per cent., 95 per 
cent, and absolute alcohol. After dehydrating in absolute alcohol, the succeeding 
steps are taken. 

1. Ether alcohol, i to 2 days. 

2. Thin celloidin, 2 to 0 days. 

3. Thick celloidin, 3 to 10 days. 

Use of Alcohols and Celloidin . — The celloidin is dissolved in equal parts of ether 
and absolute alcohol about i part by weight of celloidin to 15 parts of the solvent. 
After the material is thoroughly penetrated by this solution, it is passed to a stronger 
solution, containing i part of celloidin to 11 parts of the solvent and finally to a 
solution containing i part of celloidin to 8 parts of the solvent. After remaining a 
suitable time in the last solution, the object is ready for imbedding. For this 
purpose, a paper strip may be wound tightly about the end of a small block of suit- 
able size and material, so as to form the sides of a bo.x open above, with a bottom 
the end of the block of wood. This box is now filled with the thickest celloidin 
solution, and in it the object is placed and oriented carefully by needles wet with the 
ether-alcohol mixture. As soon as a strong film has developed over the surface of 
the celloidin, the whole block of material is plunged into 80 per cent. After the 
celloidin has hardened in the alcohol, the paper ring is removed and the mass is 
trimmed to the desired size. 

In cutting, the block is clamped in the sliding microtome, where the knife is set 
obliquely, so that the celloidin sections may be cut with a long drawing stroke. 
The knife and top of the block should be kept wet with 80 per cent- alcohol, and as 
rapidly as the sections are cut, they should be placed in the alcohol (I'lK- 230)' 

The sections are attached to the slide by placing the slide in a closed chamber 
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over ether. The ether vapor quickly dissolves the c^oidin to cause the section] 
to' adhere j&rmly to the slide on removal from the chamber. After the ret avail 
the celloidin, the sections can be stained with appropriate stains. For nt uofijj 
in Canada balsam, celloidiii sections may be cleared with a mixture of 3 pat ig 
and I part phenol. 

ParaPn Method, — ^The fixing and dehydrating of material for imbedding \i 
paraffin is performed in a manner similar to that for work with celloidin up to thu 
dehydration in absolute alcohol. The following schedule should be fullowed 
subsequently. 

. Transfer from absolute alcohol to pure xylol, allowing at least two hours in eacl 
of the following three mixtures. H alcohol + xylol; M alcohol + xylol 

xylol -j- 34 alcohol, xylol. Add to the mixture of paraffin dissolved cold in xylol 
Place in melted paraffin in the bath, kept at SS°C., two to twenty-four hours n 
convenient. Imbed in paper capsules, or in small sh^ow glass dishes. Sectioi 
with rotary microtome; about 6 to lOft is a good thickness. 

See Lesson 43 for details of cutting frozen section by the microtome and tli 
method of freezing each section. Lesson 43 may be introduced here. 

Fastening of Sections to Slide. — After cutting, fasten section to slide by usia 
Meyer’s albumen, or by the process of drying on the slide after treatment with tepi 
water to remove the wrinkles. 

Dissolve off paraffin in xylol. 

Pass down through j 00 per cent., 95 per cent, 85 per cent., 70 per cent., 50 p< 
cent., 30 per cent., alcohol, thirty seconds each. 

Delafield’s haematoxylin, fifteen minutes. 

Rinse in water five minutes. 

Pass up through 30 per cent., 50 per cent., 70 per cent, 95 per cent, and absoluu 
alcohol. 

Put in xylol at least one minute. 

Mount in balsam. 

Note.— A ll of the material obtained in the inoculation experiments should be 
studied microscopically. The above methods of fixing, imbedding, sectioning and 
staining are applicable in all of this work. 

If time permits, all of the organisms inoculated in the plants should be recoveraf 
and in pure culture by the methods outlined in Lesson 22. Direct inoculation of 
media in plugged test-tubes can be used. ' A reinoculation of the recovered organisms 
is desirable, if time permits the class to undertake such additional work. 

LESSON 43 

Freezing of Material and Cutting. — Freezing Microtome. — ^The material may h 
imbedded in a thick solution of gum arable which is frozen on a metal plate cool« 
to the freezing temperature by conducting under the plate a mixture of ice wate 
and salt. This is accomplished by filling a glass vessel full of a mixture of ice am 
salt and conducting the water from the jar by a tube (^ 4 ) through metal a box (B 
on which the sections are placed in the mucilage. 
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Th, circulation of the ice-salt water is accomplished by aUowing it to drip from 
jsoial orifice at the end of the glass tube C. 

Xh,, block of frozen mucilage \tith the contained substance held on the freezing 
plate i' then cut wth the hand microtome or with the' design of microtome shown 
jn the next page. 

Or the material may be frozen in the design of freezing chamber shown on page 

and sectioned by Spencer automatic laboratory microtome No. 880, as indicated 
in the accompanying figures. If mucilage is used it can be removed by placing the 
jections as rapidly as cut in warm water. 

CO2 Freezing Attackment.—Th^ freezing device in this attachment consists of a 
small metal cylinder. The object is placed on the flat disk top of the cylinder, 



Fig, 231. — Freezing attachment for use of CO 2 in freezing microtome. 

which measures 36 mm. in diameter, and is frozen by the expansion of the C02. 
This device is connected with the gas cylinder by a flexible copper tube, provided 
with a connecting nut for joining to the cylinder and the necessary adapter for fitting 
to the microtome. II is furnished also with an extra valve, which can be placed at 
either end of the tube. 

COj gas furnishes the most rapid and convenient medium for freezing specimens 
and can be used in this attachment with cither the table or physician’s microtome 
(Figs. 231, 232). An ether attachment is also used (Fig. 333). 

LESSON 44 

Uje of Drawing and Projection Apparalus . — ^The author has found it an excellent 
training for students to learn the use of the drawing apparatus designed by Edinger, 
Well as the new Spencer photomicrographic camera. These pieces of apparatus 
pan be used for drawing, for projection and for photomicrography. 

43 
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The Edinger drawing and projection apparatus* (Figs. 234, 235) projects micro- 
scopic objects even under a high magnification directly upon the drawing bcurd so 
that the outline can be traced in pencil. The image thus projected can be us< d for 
demonstrating to a small audience and also for photomicrography. For sucl; wotV 
a powerful illuminant is used with a hand-fed electric arc taking 4 amperes. Ir may 
be used with a suitable plug connected with the direct-current house supply (alter- 
nating current may be used by special arrangement). The crater in the positive 



Fig. 232. — Clinic microtome with freezing attachment. 


carbon from which light emanates is brought to coincide with the optic axis of the 
apparatus by means of the two screws (a) as in Fig. 234, and the lamp with the con- 
densing system K can be moved along the optic axis by the lever G. The distance 
between the carbons is regulated by the milled head (b) which if out of reach of 
the operator can be turned by the long handle connected to (c). The smaller car- 
bon which is placed horizontally should not project into the optical axis, or crater 
area of the larger vertical carbon. 

Tie apparatus proper consists of a cast-iron pillar S, Fig. 234, mounted upon a 

* May be had of E. Leitz, 30 East i8th Street, New York City. 
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je£t angular frame into which a drawing board is fitted. The fitting is grooved to 
3llov\' tht adjustment of the illuminant L by the lever G, the stage 0 , and the objec- 
tivf holder B, the face being graduated to H cm. in order that the correct position of 
the stage 0 , which varies according to the objective in use (see Table A), can be 
determined. The same table gives the correct size of diaphragm, five accompanying 
each outfit, viz.: 12, 18, 34, 32 and 46 mm. diameter. The cover-glass faces the ob- 
jective when the slide with object is placed in position. The objective carrier // 
which has a rack and pinion for coarse adjustment and a micrometer screw for fine 
adjustment occupies a constant position on the fitting S, viz., i cm. from the lower 



Fig. 233.— Ether or rhigoline freezing attachment for freezing microtome. 


end, but can be removed if necessary. The fine adjustment can be controlled by 
a long rod similar to that used for the setting of the arc. 

Above the stage two lenses of different foci are mounted m a swing-out (Az, 
I'ig 234) which has a sliding focussing adjustment and ins diap ragm, an 1 
coo'txived that either of the condensers or the diaphragm only 

theopticaxis. Themfcrcscopebodyrcanbercmovedfrom befitUngM nto^ 

it puL, and the triple nosepiece is mounted on a sUdmg atuebme" . so tl^at .t a 
be interchanged from a similar slide carrying „a'rwise 

tube should always be set at rj) m-- -hen workrug 

at ,70 mm. Should the apparatus be requrred for project.ou the whole opt, car 
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system can be rotated from the vertical to the horiaontal position by pulling ouj ihe 
spring catch £, Fig. 234. 



Fig. 234. — Details'of Edin^er's drawing apparatus, 2 , Drawing board; T, micro- 
scopic attachment; Ki and Kz condensers; L, electric lamp attachment. 

For photomicrographic work a camera is clamped to the pillar 5 } Fig. 234, the 
plate holder, which will take plates of any size up to 24 by 30 era., resting on the 
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ring board Z (Fig. 234). Having determined the camera ertenaion required by 
means of a special set screw provided, an allowance of j.8 cm. is made tor the 
height of the plate above the drawing board. The arm clamping the camera to 



Fig. 235. — Edinger’s drawing apparatus arrangtid for microscopic drawing 

Ihe pillar is then raised until the collar fits over the draw tube of the microscope 
body r, or over M, when working with the microsummars, thug ensuring a light- 
tight connection. It is advisable to support the bellows by the strap pieces shown in 
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Fig. 256 , when extended. Correct focus is determined by the observation of 
image upon a paper surface in place of the usual ground glass. 



Fig. 236, — Ediflger's drawing apparatus with attachment for photo-micrography. 

The following tables have been prepared with the view of simplifying the use c»f 
the apparatus as much as possibk; and the best results can only be obtained when 
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the instructions given for the height of the stage and lamp, and the use of condenser 
jQcf djaphragin for each objective, are strictiy adhered to: 


Table A 


Objective 

Height 
of stage 

Position of lamp ^ 
with condensing [ 
lens system ! 

Condenser 

Diameter of 
stage diaphragm 

Microsummar 


i 

1 



80 mm. 

18 cm. 

! As low as 

Swung-out 

46 mm. 

64 mm. 

18 cm. 

1 possible 

Swung-out 

32 mm. 

42 mm. 

15 cm. 


Low power 

18 mm. 

35 mm. 

.15 cm. 


Low power 

18 mm. 

24 mm. 
Achromatic 

15 cm. 

Midway 

Low power 

12 mm. 

No. I 

17 cm. 

j 

Swung'Out 

12 mm. 

No. 2 

IS cm. 

i 

Low power 

12 mm. 

No. 3 

15 cm. 

i 

Low power 

12 mm. 

No. 4 

15 cm. 

j As high as 

Low power 

12 mm. 

No. 5 

IS cm. 

i possible 

High power j 

12 mm. 

No. 6 

15 cm. 


High power 

1 12 mm. 

1 


Table B.— Magnifications 


Of the Microsummars at Definite Distances from the Drawng Board 

Microsummar 

Distance from 
drawing board 

Magnification 


.... f 

37-5 cm. 

1 20 


24 mm. 1 

13.5 cm. 

i 



... ( 

46.0 cm. 

! 


35 mm. j 

21.0 cm. 

8 



f 

38.0 cm. 

10 


42 mm. 1 

16.5 cm. 

5 




45,0 cm. 

: 8 


04 mm. 1 

21.5 cm. 

4 



6 


46,0 cm. 
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Table C 

Of the Achrotoatic Objectives with the Huyghenian Eyepieces at 250 mm. 
from the Drawing Board 


Eyepiece 


Objective 

0 1 

1 

I 

11 

III 

I 

13 i 

16 

19 

26 

2 


29 

35 

46 

3 1 

41 

SI ' 

62 

82 


' 


rog ; 

L Jit .-.. 

. 5 ■ ! 

! 133 1 

167 

200 

1 __2^7 

6 

.80 1 

230 1 

280 

360 


If the distance between eyepiece and drawing board = 250 mm. be altered, the 
magnification of each combination will increase or decrease in proportion. The 
distance should be read oflf the scale on the pillar by the aid of the special set square 
supplied. 

Beside the Edinger apparatus there are a good many styles of photomicro- 
graphic cameras, but the most recent type is an instrument known as the new 
Spencer photomicrographic camera, which may be attached to the microscope with 
out disturbing the adjustments. It may be used on its tripod in any position from 
horizontal to vertical which makes it available for carrying in any ordinary pho- 
tography. This camera may be used with any microscope, or it may be removed 
from its support and used for hand-camera purposes. 

LESSON 45 

TO THE INSTRUCTOR 

In connection with the use of the Edinger apparatus the following suggestions 
as to drawing may be apropos. 

The experience of most science teachers has revealed the fact that as a rule 
beginners in attempting to give an accurate account of their own observations in 
writing or drawing are in a large measure helpless for want of a definite aim or an 
understanding of what is required of them and how to do it. 

While it is recognized that science teachers naturally differ in the method of 
carrying out the details of their work, yet it is believed that it will be helpful to the 
pupil— an economy of his time and effort— if the features which characterize 
scientific description and drawing in general, be clearly pointed out and impressed 
at the beginning. It is believed that the following suggestions to pupils can be 
indorsed by most teachers of Biology and that these suggestions will aid the ine.t- 
perienced science pupil. 
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SUGGESTIONS TO STUDENTS 

Cinmning Notes. 

1. The laboratory notes or descriptions should embody only such facts as ha\ e 
gathered from your own observation and study of the object. Any collateral 

jotes written up from lectures or reading should not be mingled with those of your 
gwn observation, but should be kept distinct and under separate headings. 

2. The facts observed in the laboratory or field may be gathered first on “ scratch 
paper ’ as temporary notes and subsequently be written on the note tablet in per- 
manent form; but such temporary notes should be promptly written up and nut be 
allowed to accumulate. 

3. The permanent notes or descriptions should be an original account of your 
offD observation. The statements should be scrupulously accurate and free from 
figurative expression and rhetoric embellishment; the style should be simple, clear 
and concise. 

4. Frequent reference should be made to the drawings and diagrams which 
accompany the study so that these and the notes may be mutually helpful. 

5. The ability to give a clear and accurate account of one's own observations 
and conclusions is an essenfiai in scientific work, and is also of much value in prac- 
tical life. 

Concerning Drawings and Diagrams. 

1. A drawing is intended to show the size and shape of the object, and the pro- 
portions and relations of its parts. In case the drawing is to be smaller or larger 
than the object, the size of the object may be indicated by symbols, as for example: 
“X or “ X 4/’ the former signifying that the drawing is reduced to one-fourth 
and the latter that it is enlarged to four times the actual size of the object. 

2. A diagram is intended io show only the relation of the parts of the object and 
does not pretend to repres^t their size, shape or structure. 

3. In making either drawing or diagram, do not aim at anything ornamental, or 
artistic in effect. Let your aim be to represent clearly and distinctly certain facts 
of your observation. 

4. First, carefully examine the object and have definitely in mind what you wish 
to show in your diagram or drawing and omit everything else. 

5. Decide in advance what view of the object you wish to represent and the size 
of your drawing. If the object be an animal or a plant, represent it whenever 
practicable in its most natural position. 

6. With a fine-pointed hard pencil, make a very faint outline of the object, step 
by step comparing the drawing with the object, and omitting at first all details. 
See that the proportions are correct, revising your drawing, if necessary, by sub- 
stituting new lines and ignoring or erasing old ones. 

7. The details may now be worked. Avoid much shading and omit it altogether 
whenever possible. If the drawing is merely an outline it may be improved by trac- 
ing its lines, and the effect of shading may be produced by tracing more heavily 
those lines which are opposite the direction of the light. 

8. In diagrams no shading is needed, but in many cases the use of flat tints, 
produced with colored pencils or preferably water colors is very helpful. 
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9. AJl drawings and diagrams should be accurately and intelligibly labeieoi 
Generally itis also desirable that the parts of the drawing, especially the parts of 1 
diagram, be designated in a way that is convenient for reference. 

10. Pra wings should be made either entirely in ink, or entirely in pencil, 'od t},j 
lettering also, which should be uniforrri, not one style, then another. 

11. Large headings should be more especially emphasised by larger letters, and 
the lettering of the larger and smaller headings should be of the same style, 

13 . All drawings presented to the teacher for examination should be placed 
between the two sides of a folder of stiff manila paper. 

13. The grade of pencil should be determined by the kind of finish or .surface of 
the drawing paper, but in general for science work, the harder grades of lead, say 
from 4H to 6H, are preferable. 

14. The name of the student, the number and the subject, as well as the year 
should in all cases be placed on the outside of the manila cover. 

Method and Materials of Photomicrography (Fig. 236).— The photographic 
plates which best meet the requirements in photomicrographic work with the 
Edingcr apparatus are Lumier Sigma 9 by 12 cm. plates, or the ordinary 4 by 5 
plates. Another good plate is known to the trade as Seed Special 27. 

Whatever plate is used, it is placed in the plate holder of the photomicrographic 
camera in a dark room, the dull side of the plate being outermost. The holder is 
then placed in its proper position in the photographic camera. Before the insertion 
of the holder, however, the object to be photographed must be focussed on the 
ground-glass plate of the camera until a sharp image is obtained, then the focussing 
screw should be moved a trifle, say one of the divisions of the screw, so that the 
object is focussed up a slight amount. The light being regulated properly, the 
exposure is made by withdrawing the shutter of the plate holder. The length of 
time to expose the plate can be determined only by several trials until the operator 
learns the length of time by the experience thus gained. 

The most satisfactory developer is made as follows: 

Rodinol, 1 part. 

Water, 12 parts. 

Potassium bromide, 10 drops of 10 per cent, solution. 

The advantage of this developer is that the process is sufficiently slow, so that the 
operator may be able to study the photograph, as it makes itself evident. 

After washing in water, the negative is placed in a rather strong hyposulphite 
solution as a fixing bath. The advantage of rodinol over metol is that the develop- 
ment is more even and sure. Where the photomicrographs have been made ob- 
scure, or where it is desirable to convert them into outline drawings for diagrammatic 
purposes the following method can be used. . 

Drawings on Photographic Prints— Ml pen-and-ink drawings of photographic 
prints must be made with water-proof India ink after which the photographic part 
is bleached out by exposure for a few minutes in water containing cyanide of potash 
(i ; 500, more or less). The drawings should be exposed in this bath as long as 
necessary. If any part of the print refuses to bleach, it should be moistened with 
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^.e-p-tassiura iodide and returned to the cyanide bath. It is then passed through 
waier and dned face up on blotting paper in a place tree from dust, 
r hiW-' .—For details the student is referred to a book by H, Walmslev 
jjtitled The A B C of Photomicrography. A Practical Handb*)ok for Beginner’ 
Vi fk, Tennent and Ward, 1902. 

Corr.idcte details wiU be found in Erw. F. Smith’s Bacteria in Relation to Plant 
^seasc^. Vol. i; 130-151; Barnard, J. Edwin: Practical Photomicrography, 1911 < 
London, Edward Arnold; Hind, H. Lloyd and Randlks, W, BroikihI 
Mimlbook of Photomicrography, 1913; xii + 292 with 44 plates, New York, E. P. 
pntton & Co, 

Lesson 46 

The course in mycology will not be complete without the introduction of 
field trips and excursions which supplement in an important way the laboratory 
md lecture work, and which will show the student how mycology touches 
jiacticaUy the sciences of bacteriology, chemistry, engineering, and the other 
fchnologic sciences. Besides the trips into the woods and fields for various 
;inds of fungi and to the market houses to collect the fungous diseases of the 
jfld plants sold there, trips can be planned to include slaughter houses, cold 
torage plants, meat extract factories and dairies where the cooling, filtration, 
'asteurization, and bottling of milk can be demonstrated. Mushroom farms 
houid not be omitted, nor should the farms where vaccine and other biologic 
roducts are made be overlooked. Cheese, butter, oleomargarine and soap 
factories should be included in the schedule, as well as the sugar refineries. 
The industrial plants W'here yeasts are employed should be investigated, such 
iL> bread bakeries, beer breweries, wine and pressed yeast factories. The estab- 
lishments where pickles, sour krout and vinegar are made should not be omitted. 
The disposal of the sewage of our large cities will pay inspection. The con- 
servation of manure in the city and on the farm, the general problems of soil 
mycology and the preparation of silage ought to be introduced by the field 
trips. The health laboratories of our large cities should be included in the 
itinerary. These are only a few of the places that might be visited profitably 
near such large cities as Boston, New York, Philadelphia, Baltimore, Chicago, 
St. Louis, New Orleans, Denver, and San Francisco, and smaller places where 
manufacturing is important. 
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APPENDIX I 

perlwps what follows may be looked upon by some teachers as hardly forming 
^propriate laboratory exercises, and, therefore, should be treated as in the nature 
Lf appendices. Jn agricultural and horticultural schools, the manufacture and 
feof fungicides and sprays may very well form a part of the curriculum designed 
iui laboratory, and especially for field purposes, where in the experimental farm, or 
l^en, the spraying apparatus and its construction can well be experimented with 
^ a regular part of the instruction. Hence the making of sprays is given prominence. 

Fl'KOIctoes. — Definition of Terms.— Fungicides are substances which are capa- 
ble of destroying, or preventing, the growth of spores, or the mycelia of fungi. Germb 
ides arc those substances used for a similar purpose with germs, or bacteria. Such 
Mterials may be used as a spray, in the form of a powder dusted on the plant, or in 
k form of a steep into which the plant, or plant part, is dipped. A substance to 
le useful as a fungicide must not only not injure the plant, but must at the same 
ime destroy or hold in check the parasite. Usually the material is most effective 
fku the fungous parasites can be reached directly by the spray. If the fungus 
forks internally, as the chestnut blight fungus, such fungicides usually do harm to the 
flst without touching the parasite and are, therefore, ineffectual. 

The chemic substances used are naturally of a poisonous character and should 
tused mth precautions taken to prevent their injurious effects upon human beings, 
m up-to-date agriculturist, horticulturist, or orchardist considers the use of 
jngicides, germicides, or insecticides, as essential, as any of the other major opera- 
ions on the farm. 

For convenience ol treatment and ease of reference the following fungicides and 
isecticides are arranged alphabetically. The formulee have been taken from a num- 
erof reliable sources and they may be considered as dependable in ordinary work. 

Ammoniacal Copper Carbonate.— This is not as good for general purposes as 
ordeaux mixture. It is used instead of Bordeaux when it is desirable to avoid the 
)otting of leaves or fruit. It is prepared as follows : 

Copper carbonate, 5 ounces. 

Strong ammonia (26*’ Baum^), 2 to 3 pints. 

Water to make 50 gallons. 

Dilute the ammonia with about 2 gallons of water, as it has been found that 
iromonia diluted seven or eight times is a greater solvent for copper carbonate than 
tke concentrated liquid. Add water to the carbonate to make a thin paste, pour on 
ibout hatf of the diluted ammonia and stir vigorously for several minutes: allow it 
0 settle and pour off the solution leaving the undisturbed salt behind. Repeat 
iis operation, using small portions of the remaining ammonia water until all the 
669 
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carbonate is dissolved, being careful to use no more ammonia than is ne. . ^sary j 
complete the solution. Then, after adding the remainder of the required juaniit 
of water, the solution is ready for application. 

Caution . — Plants likely to be injured by Bordeaux mixture are more sitvcepm) 
to the clear light-blue solution of aramoniacal copper carbonate, which dryj^ 
leaves little or no stain. 

Arsenate oj lead is one of the best arsenical insecticides. It has in many casf 
entirely displaced Paris green orchard spraying, and there are at least three goo 
reasons for its use. 

First . — The arsenate of lead has great adhesive qualities. It will not wash 0 
even in heavy showers of rain. Some of the experiments at the Minnesota Exper 
ment Station showed the presence of this arsenate on the leaf in sufficient quantit 
to kill insects, ten weeks after spraying. 

Second.^lt can be used in any strength without burning the foliage of the plar 
sprayed, except peach leaves which are burned, if it is too strong. 

Third . — It has some fungicidal properties that are increased when added to liir 
sulphur. The home-made preparation is made as follows; 

22 ounces acetate of lead (sugar of lead) dissolved in 2 gallons of warm water 
a wooden pail. 

8 ounces arsenate of soda dissolved in i gallon water in another wooden pa 
These two solutions are poured together and make sufficient quantity of poison fi 
50 gallons of spray. 

A r senile of Lime , — A home-made preparation much cheaper than Paris greei 
and just as good. It is prepared as follows: 

White arsenic, i pound [ 

Crystal sal soda, 4 pounds > Stock solution 
Water, i gallon J 

Boil these in an iron kettle for twenty minutes until thoroughly dissolved. Th 
kettle must be kept exclusively for this purpose. The soluble material obtained ii 
arsenite of soda and can be stored away in jugs or bottles, labeled poison, for futuri 
use. For 40 or 50 gallons of spray, take 1 to 2 pints of this solution, and 4 pouudi 
of freshly slaked lime. Dilute the lime and stain: then add the stock solution 
Pour into the spray barrel, and it is ready for use. 

Bordeaux Mixture . — This is the most valuable fungicide in use for corabatini 
plant diseases and consists of a mixture of copper sulphate (blue stone) and slon< 
lime slaked in water. It is used in various strengths. 

Standard Bardeattx Mixtures (Fig. 237) (6-4-50 formula). 

Copper sulphate, 6 pounds. 

Lime, 4 pounds. 

Water to make 50 gallons. 

This mixture can be used successfully on many plants, but on others like'the peach 
and Japanese plum, it injures the foliage. It also sometimes russets the fruit of 
apples and pears. It can be increased in strength for certain purposes by reducing 



APPENDIX I 


671 

jlje pr oportion of water, but the formula given above has been regarded as the 
standard with which aU others should be compared, at least in experimental work. 

Th' 5-5-50 Foftwz*/a.— Here the preparation consists of 

Copper sulphate, 5 pounds. 

Lime, 5 pounds. 

Water to make 50 gallons. 

The use of this formula Ls desirable where the purity of the lime is in doubt, as 
it makes certain, with lime of any reasonable quality, that all of the copper is properly 
neutralized. The danger of scorching, or russeting fruit is, therefore, less. With- 
holding I pound of the copper sulphate also cheapens the mixture by a few cents. 
For these reasons the 5-5-50 formula has come to be quite generally used in orchard 
spraying. In fact, it has almost replaced the old standard Bordeaux mixture in 
spraying for the apple scab, bitter-rot, pear and cherry leaf-blight and similar diseases. 

The 4-4-50 and Other Formtdas. — The strength of the mixture is often further 
reduced by using the 4-4-50 formula, but it is questionable whether it pays to reduce 
the strength. For use as a whitewash, a very concentrated mixture, 6-^4- 20, may 
he desirahic and for certain diseases Bordeaux mixture can be diiuted so as lo be 
equivalent to 6-4-100. 

The form of Bordeaux mixture most harmless to foliage is 3- 9-50, having a con- 
siderable excess of lime. This may be known as the peach Bordeaux mixture.” 

Various modifications of the original Bordeaux mixture have been suggested and 
tried. The principal ones, however, are the “soda Bordeaux mixture” and the 
“potash Bordeaux mixture.” The former consists of 6 pounds of copper sulphate, 
2 pounds of caustic soda and 50 gallons of water. The latter is the same except an 
equal quantity of caustic potash is substituted for the soda. Other materials arc 
sometimes added to Bordeaux mixture to increase its spreading power. The most 
successful is ordinary hard soap, dissolved in hot water and added at the rate of 4 
pounds to the barrel, and this modified Bordeaux mixture is known as “soap 
Bordeaux.” 

Bordeaux Renn Mixture (N. Y. (Geneva) Bull. No. 188, 1900). 

Resin, 5 pounds. 

Potash lime, i pound. 

Fish oil, I pint. 

Water, 5 gallons. 

Add to Bordeaux as directed below. To prepare a stock resin solution proceed 
as foffows: '^‘^Pface the oil and resin in the kettle, heating them until (he resin is dis- 
^Ned, then remove the kettle from the fire and allow the mass to cool slightly, after 
which the solutioif of lye is added slowly, the whole being stirred while adding the 
lye. After adding the lye the kettle should be again placed over the fire and the 
required amount of water added. The whole should be boiled until the solution 

mix vdth cold water forming an amber-colored solution. Care should always 
he taken to have the resin and oil cool enough, so that when the solution of lye or the 
water is added the whole mass will not boil over and catch fire. 
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“Dilute this stock resin solution with 8 parts of water before adcjing ,0 
Bordeaux mixture, that is in preparing a 50-gaUon barrel of the mixture, the c)pp^ 
sulphate and lime are diluted enough to make 40 gallons after which 2 galS ns of 
stock fesin solution are diluted to 10 gallons, then added to the Bordeaux.’' 

This solution exceeds ordinary Bordeaux in adhesive properties and hay 
highly recommended for asparagus rust. 

Method of Making Small Quantities of Bordeam Mixture.— Two half*barrc! tnfg 
are made by sawing a barrel through the middle. One tub is used for the blue sUmc 
solution and the other for the milk -of lime, and each tub should contain 25 gallons. 
One man dips the blue-stone solution with a bucket and poUrs it into a barrel and 
another man simultaneously dips up and pours in bucketfuls of the milk of lime 



Fig. 237. — Diagram showing easy method of making small quantities of Bor- 
deaux mixture, (After Coons, G. H-f and Levin, Ezra, Spec. Bull. 77, Mick. Agric. 
Coll. Exper. Stat., March, 191 G.) 


The lime solution should be kept well stirred. If only a single barrel is to be made, 
the materials may be dissolved in the dilution tubs, but if a number of lots are re- 
quired the materials can.be kept in stock solutions and simply transferred by dipping. 
No matter what quantity of mixture is to be made up, it is necessary to strain the 
materials through a wire strainer. The best type is made of brass wire with 18 to 
20 meshes to the inch (Fig. 237). For details see Waite, M. B.: Fungicide. 
U. S. Farmers' Bull. 243 (1906). 

In large operations stock solutions should always be used, as the time required lo 
dissolve the material is saved. These can be prepared of both copper sulphate and 
the lime. Dissolve copper sulphate in water at the rate of 1 pound per gallon and 
lime in the same ratio. Then measure off the required quantity of each and dilutj 
with water before mixing. If possible the dilution tanks should be raised 50 higli 
on an elevated platform that the mixture can be conducted by gravity into tli« 
spray tank on wheels or in a wagon beneath. An available water supply is necessary 
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Bordeaux Mixiure.~mm Bordeaux mixture is properly prepared it is of 
j brilliant sjty*blue color. If the lime is air-slaked, or otherwise inferior in quality, 
ifsnltii'g in a bad niixtye, the preparation will have a jtreenish cast, and if this is 
^-ery iironounced the mixture will injure the foliage. In order to make certain tliat 
(he copper sulphate is properly neutralized by the lime, the yellow prussiate of potash 
test may be used. A small bottle containing a lo per cent, solution of yellow 
prussiate of potash can be secured from a druggist. After stirring the Bordeaux 
jdisturc a drop of this solution is allowed to fall on the surface of the preparation. 
If free copper is present, the drop will turn reddish brown in color immediately. 
Lime should then be added until the brown color fails to appear. If the reaction 
is complete, the yellow prussiate of potash solution will remain a clear yellow until 
it disappears in the mixture. 

Ihjrdcaia Mixture and In$eclkides.—Om advantage of Bordeaux mixture is the 
possibility of adding arsenical insecticides to the preparation and thus of spraving 
at the same time for fungous diseases and for the codling-moth and leaf-eating in- 
sects. Paris green at the rate of pound to 50 gallons of Bordeau.x mixture, may 
be considered as the standard formula for this purpose. London purple, arsenate of 
lead and other arsenfcals may he used in the same way. Bordeaux mixture may be 
considered as so much water in the formulas for this class of insecticides. .\s a 
tratler of fact, the slight excess of lime in the standard mixture renders it an espe- 
cially suitable medium for distributing these insecticides. 

Ditsl Bordeaux Mixhire . — This mixture is prepared as follows: 

4 pounds of copper sulphate in 4 gallons of water. 

4 pounds of lime in 4 gallons of water. 

60 pounds of slaked lime dust. 

Dissolve the 4 pounds of copper sulphate in 4 gallons of water and slake 4 pounds 
of Hme in 4 gallons of water, when cold pour the two solutions together simultaneously 
into a tub. Allow the resulting precipitant to settle, decant of! the liquid, pour 
the wet mass of material into a double flour bag, and squeeze out as much water as 
IJOisible. Then spread the dough-like mass in the sun to dry. After a day’s dry- 
ing it can be crumbled easily into an impalpable powder by crushing with a block 
of wood. Tills powder should be screened through a brass wire sieve having at least 
83 meshes to the inch and should be mixed thoroughly with 60 pounds of slaked lime 
dust. The lime dust is best prepared by slowly sprinkling a small quantity of water 
over a heap of quick lime, using barely enough water to cause the lime to crumble 
into a dust. The heat generated wdll soon drive off the excess of moisture, and the 
dust should be passed through a screen of 80 meshes to the inch. This powder is 
s-pplied by means of a blower. If desired 4 pounds of sulphate and 1 pound of Paris 
green may be added to each 60 pounds of Bordeaux mixture dust. I'or details, 
consult W.viTE M. B.: Fungicides, U. S. Farmers' Bull. No. 245 (1906). 

Copper Siilphak ITus/f. 

Copper sulphate, 3 pounds. 

Water, 50 gallons. 


43 
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This is used as a wash on dormant trees, for the prevention of such 
as apple scab. It must never be used on trees after the buds have burst, 

Copper Acetate. 

Copper acetate (dibasic acetate), 6 ounces. 

Water, 50 gallons. 

First make a paste of the copper acetate by adding water to it, then dilute lo; 
the required strength. Use finely powdered acetate of copper, not the crystalline 
form. It may be used as a substitute for copper carbonate mixtures. 

Copper Saccharate.—Comult Freemen, E. M.: Minnesota Plant Diseases, p. 220 

Corrosive Sublimate. 

Mercury bichloride (conosive sublimate), 2 ounces. 

Water, 15 gallons. 

This is an extremely poisonous mixture and should be handled with great care. 
It is very effective against potato scab. It should not be made in tin vessels, as it 
corrodes them. 

Formalin, 

Formalin (40 per cent, formaldehyd), pound. 

Water, 15 gallons. 

This is used in treating seed for prevention of such diseases as potato scab. 

Iron Sulphide Mixture. — This is a new, but very promising fungicide. It was 
tried on apples, and gave splendid results in preventing fungous diseases, being non- 
injurious to the fruit. In preparing this fungicide, it is recommended that a self- 
boiled lime-sulphur mixture be prepared, as later described, except that 10 pounds 
of lime and 10 pounds of sulphur are used. The mixture is diluted to 40 gallons, 
and then 3 pounds of iron sulphate (copperas) dissolved in about 8 gallons of water, 
is added. 

Potassium Sulphide (Liver of Sulphur). 

Potassium sulphide, 3 to 5 ounces. 

Water, 10 gallons. 

This is used in place of Bordeaux mixture to avoid spotting of foliage and fruit. 
It is considered to be especially effective against powdery mildews. It is quite ex- 
tensively used in greenhouses and on shrubbery. 

Sulphur.— 1 % used as a fungicide in a pure state. The flowers of sulphur is the 
highest and usually the purest chemically. It is dusted on plants as a remedy for 
mildew, especially the rose mildew and the powdery grape mildew. 

Sulphur and Resin Solution. — It is made up as follows: 

Sulphur (flowers, or flour), 16 pounds. 

Resin (finely powdered), pound. 

Caustic soda (powdered), 10 pounds. 

Water to make 6 gallons. 

Place the sulphur and resin, thoroughly mixed, in a barrel or smaller vessel, 
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jnd a thick paste by the addition of about 3 quarts of water. Then stir in • 
die c ustic soda. After several minutes, the mass will boil violently, turning a 
j^ddiVh'brown, and should be stirred thoroughly. After boiling has ceased, Tdd 
about 2 gaHons of water and pour off the liquid into Another vessel, and add’ to it 
sufficient water to make 6 gallons. This form of stock solution may be used at the 
rate of i gallon to 50 of water for spraying most plants and for soaking seeds. 

£,11* CelesU (Modified). — It is made as follows: 

Copper sulphate, 4 pounds. 

Ammonia, 3 pints. 

Sal soda, 5 pounds. 

Water to make 45 gallons. 

Dissolve the copper sulphate m 10 or 12 gallons of water, add the ammonia, and 
dilute to 45 gallons; then add the sal soda and stir until dissolved. Eau celeste is 
an effective dormant spray for the peach leaf-curl and other similar diseases, but it is 
unsafe to use on the foliage of most plants. 

Potassium Permanganate. (Not used in the United States.) 

Potassium permanganate, r part. 

Soap, 2 parts. 

Water, 100 parts. 

Recommended in France for black-rot and mildew of grape, etc. 

Irm Sulphate and Sulphuric Acid. 

Water (hot), 100 parts. 

Iron sulphate, as much as will dissolve. 

Sulphuric acid, i pint. 

Prepare the solution just before using. Add the acid to the crystals and then 
pour on the water. Valuable for treatment of dormant grape vines affected with 
anthracnose, applications being made with sponge or brush from wooden vessels in 
which it is made. The solution wiU destroy the foliage, so it must be used in late 
fall, or early spring, or applied only to tree trunks. 

Lime-stdphur . — Within the last few years this wash has come into prominence as 
one of the bek scale insecticides discovered. Several forms of it are excellent 
fungicides. Three formulae are here given. 

The Boiled Mixture (home-made). 

Best stone lime, 15 pounds. 

Flowers of sulphur, 15 pounds. 

Water, 15 gallons. 

Slake the lime in a small quantity of hot water, add the sulphur gradually and 
stir thoroughly. Dilute the mixture to 15 gallons with water, and boil in an iroi^ 
kettle, or coOk by steam in a barrel for forty-five minutes. Fill the vessel with water 
to the required 50 gallons; strain the wash through a fine- mesh strainer and apply 
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hot. This wash should be applied in the fall after the leaves have dropped, or in 
spring before the buds open. Spray thoroughly, covering all parts of the trrc. 

Concentrated Mixture. 

Sulphur, 80 pounds. 

Best stone lime (95 per cent, calcium oxide), 40 pounds, 

Water, 50 gallons. 

Liv^e steam run in a barrel, or fire under an iron kettle may be used in hailing 
Place 5 gallons of water and 40 pounds of the sulphur in the vessel, and apply heat 
until the sulphur becomes a .smooth paste, stirring constantly. Now add 10 gallons 
of water and 20 pounds of lime and boil for forty-hve minutes. Add water to 
25 gallons. When cooled to 35°F. test vvith Baume scale; the reading should be 
about 33°F, As a scalecide to use in the dormant season, this should be diluted 
1 to 10 {i.e. I part of the above formula diluted with 9 parts of water) and 6 to 10 
pounds of stone lime added to every 50 gallons of the spray. As a fungicide for 
summer use, dilute i to 30 (i part of stock solution to 29 parts of water). When 
stored away it is best to cover the solution with a layer of oil about an eighth of an 
inch thick. This will prevent evaporation and the forming of a crust on the 
material. The material should not be stored where the temperature will go very 
low. 

Sclf-boikd Lime Sulphur. 

Lime, 8 pounds. 

Sulphur, 8 pounds. 

Water, 50 gallons. 

This spray is valuable in oases where Bordeaux is injurious to foliage or fruit. 
The .stone fruits, such as plum.s, are particularly' .susceptible to Bordeaux injury, 
while some varieties of apples are badly russeted by it. There is slight danger of 
injury by the self-boiled lime-sulphur preparation, and it is an eiTicient fungicide 
when properly made. It stains the fruit as does Bordeaux. In making it 8 pounrh 
of lime of good quality should be placed in a barrel, and enough water to nearly 
cover it should be added. While the lime is slaking, add sulphur which has run 
through a sieve to break up the lumps. The sulphur should be stirred thoroughly 
into the slaking lime, enough w*ater being added to make a pasty mass. The barrel 
should now be covered, in order to retain its heat, and the contents should be occa- 
sionally stirred. The time required varies with the quality of the lime; if the lime 
acts quickly, five to ten minutes would be suflicient, while if it acts slowly, fifteen 
minutes may be necessary. It should not be allowed to stand too long, because it 
may in that case be injurious to foliage. Now add water, stirring the mixture 
while it is being poured in. Then add enough water to bring the total up to 50 
gallons. In applying the spray, it is necessary to have a good agitator in the sprayer. 
Consult Ruggles, A, G., and Stakman, E. C, ; Orchard and Garden Spraying. Bull. 
yVo. i 2 i, Agric. Exper, Sta. Univ'. Minn., March, i9ir. Also Duggas, B, M., acrl 
Cooley, J. S.: The Effect of Surface Films and Dusts on the Rate of Transpiration. 
Ann. Mo. Bot. Gard,, I: pp. 1-22, March, 1914. 
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lh:tC‘Stdphur Salt frasft.—This wash, although rarely used, is made as follows . 

Lime, unslaked, 30 pounds. 

Sulphur (flour, or flowers), 15 pounds. 

10 pounds. 

■ Water to make 50 gallons. 

Many difl^erent formulas are used in making up this wash but the above formula 
jcems to be the best, and has been extensively used. If the lime is high-grade stone 
lijne, 15 pounds will be sufficient to dissolve all the sulphur. With average lime 
JO pounds is the better quantity, hut with poor or partly air-slaked lime 25 to ^0 
pounds are necessary. Lime absorbs an equal weight of water in becoming air- 

slaked. 

To prepare small quantities of this wash proceed as follows: Place about 10 gal- 
lons of water in an iron kettle over a fire, make the sulphur into a paste with a little 
water, and when the boiling point is nearly reached add the fresh time and the sul- 
phur together. The mixture should be constantly stirred, and the boiling continued 
for forty to sixty minutes. The object of the cooking is to dissolve the sulphur and 
when this is accomplished further boiling is useless, but not harmful. The salt, mav 
he added at any time during the process of boiling, or entirely omllted. It is gener- 
ally conceded, however, that salt increases the adhesiveness of the wash, as it does 
ordinary lime whitewash, and for this reason, it is perhaps advisable to use it, al- 
though it is not supposed to strengthen the fungicidal pro])erty of the mixture. 
Possibly also the salt hastens the solution of the sulphur by raising the boiling point, 
or by its solvent action. 

It has been found that the sulphur dissolves more readily in a concentrated mix- 
ture with lime, and the quantity of water used during the process of boiling should, 
therefore, be reduced to a minimum. The mixture should not be allowed to become 
pasty, however, and water, preferably hot, should generally be added until lire barrel 
is nearly full when finished. When the cooking is completed, pass the mixture 
through an iron wire strainer (not brass or copper), and dilute with the required 
amount of water. For details, see Waitk, M. B.; Fungicides and Their Use in 
Preventing Diseases of Fruits. U. S. Farmers’ Bull. No. 243 (1906). 

The wash may be applied either hot or cold with practically the same results, 
though the warm mixture is less likely to clog the nozzles. If allowed to stand over 
night, sulphur crystals will form on the bottom and sides of the containing vessel. 
It is difficult to dissolve the lime-sulphur crystals after they have once formed. J’or 
this reason, it is better not to prepare more than can be used the same day. 

Stf.efs. — S olutions in use for dipping seeds, fruits and the like in order to control, 
or check fungous diseases. 

Formalin. — (/ 4 ) For oat smut and stinking smut of wheat. Add pound of 
formalin to 30 gallons of water and immerse the seed grain for two hours, then spread 
out and dry: or sprinkle the grain with the formalin solution until thoroughly wet, 
shoveling over rapidly to distribute the moisture evenly, then place in a pile (covered 
with sacking) for two hours and finally spread out to dry as in the first method. 

(B) For potato scab. The formalin treatment of seed potatoes practically frees 



678 


ADDITIONAL EXERCISES 


the seed from scab with slight expense and trouble. Add pound of form .in to 
15 gallons of water and immerse the seed tubers for two hours. The seed (ubei^ 
are then spread in thin layers to dry promptly. After removing from the .solu- 
tion, cut and plant as usual. * 

Hot Water Method for Smuts (Jensen) (consult Freemen, E. M.: Minnesota 
Plant Diseases, p. 225). — Provide two large vessels, preferably holdii^ at lea^t 20 
gallons. Two wash kettles, soap kettles, wash boilers, tubs or even barrels, will do. 
One of the vessels should contain warm water, say at no” to i2o°F. and the other 
scalding water, at 132“ to i33°F. The first is for the purpose of warming the seed 
preparatory to dipping it into the second. Unless this precaution is taken, it will 
be difficult to keep the water in the second vessel at the proper temperature. A 
pail of cold water should be at hand, and it is also necessary tp.have a kettle tilled 
with boiling water from which to add from time to time to keep the temperature 
right. Where kettles are used, a small fire should be kept under the kettle of scald- 
ing water. The seed which is to be treated must be placed, half a bushel or more at 
a time, in a closed vessel that will allow free entrance and exit of water on all sides. 
Hence a gunny bag, or sac, can be used.for this purpose. Now dip the basket, or 
bag, of seeds into the water at no” to i2o°F. and lifting it out plunge it into the 
second vessel containing water at 132” to 133 ”F. After removing the grain from the 
scalding water, spread it on a clean floor, or piece of canvas to dry. , 

Corrosive Sublimaie. 

Corrosive sublimate, 2 ounces. 

Water, 15 gallons. 

Dissolve the corrosive sublimate in 2 gallons of hot water, then dilute to 15 
gallons, allowing the same to stand five or six hours, during which time thoroughly 
agitate the solution several times. Place the seed potatoes in a sack and immerse 
in the solution for one and a half hours, and then spread to dry. 

Insecticides Used to Kill Insects 

Carbon Bisulpkid— This inflammable and volatile liquid is used against grain 
weevils and against the insects that are destructive to herbarium specimens. 

Crude Petroleum . — This is an oily inflammable liquid used against scale insects. 

ffellehore.—This is a stomach or internal insecticide. It is not poisonous to mas 
as are the arsenical insecticides, and is used where there is danger of poison remain- 
ing on parts to be eaten. It is often used on currants and gooseberries when the 
berries are beginning to ripen. It is used in the dry form, and must be fresh 
when used. 

Hydrocyanic Gas . — This gas is made by dropping potassium cyanide into sul- 
phuric acid and water. The fumes are, deadly to all kinds of animal life, and the gas 
is used only in special cases. 

This is an excellent contact insecticide. Pure kerosene, however, 
will ordinarily burn the leaves of plants, consequently it is used in pure form when 
tre« are -dormant, or against insects off of plants as grasshoppers, household insects, 
etc. 

Kerosene Emulsion.—This is probably the best form in which kerosene can be 
used. A stock emulsion is made as follows : 
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Hard laundry soap {shaved fine), ^ pound. 

Water, i gaUon. 

Kerosene, 2 gallons. 

Oi rsolve the soap in boiling water, remove from the stove, and immediately add 
fte ktrosenel^hum with a bucket pump untU a soft, butter-Uke, clabbered mass is 
obtained. One part of this stock is added to lo to 12 of soft water. If the stock 
solution is properly made this can be used on tender foliage of plants for such insects 
IS plant-lice, etc. 

lime Sulphur , — See ante. 

Miscible oils are those that will mix with water. There are several oils on the 
niarket that are miscible in water. These make a good winter spray for scales and 
jre also excellent summer spra3rs again.st the same insects. Great care, however, 
jjiust be taken to get the right dilution, or burning.of the leaves will result. 

Paris Green is used by many where an arsenical insecticide is necessary. It is 
generally used at the rate of i pound to 50 gallons of spray. In using, always first 
make a paste of the Paris green and water, and then add to the spray material. 

Pyrethrum, or Insect Powder (Persian insect powder, Dalmatian powder, or 
Buhach).— This is a powder from the ground-up flowers of the pyrethrum plant. 
It is a contact insecticide and is used against fleas, cockroaches, etc. If the powder 
ia burned in a room the fumes will destroy mosquitoes and flies. 

Pcsin Lime Mixture —Used with a fungicide, or insecticide, to insure sticking 
of poisonous material to smooth, glossy leaves. 

Pulverized re,sin, 5 pounds. 

Concentrated lye, i pobnd. 

Fish, or other animal oil, i pint. 

Water, 5 gallons. 

Place the oil, the resin and i gallon of water in an iron kettle and heat until the 
resin softens; then add the lye and stir thoroughly. Add to this 4 gallons of hot 
water, and boil until a little mixed with cold water gives a clear, amber-colored 
liquid. Add water to make up to 5 gallons. This is a stock solution. In spraying 
with Paris Green, or Bordeaux mixture, take 2 gallons of this mixture, dilute* it to 
10 gallons, and add 40 gallons of spray. 

Soap . — Ordinary soap is a valuable contact insecticide. 

Ivory soap, r pound. 

Water, 14 gallons. 

Boil the soap in 5 to 6 gallons of water until dissolved, dilute with water to 14 
gallons and spray while still warm. It is recommended for plant-lice, red spiders, etc. 

Sulphur , — Flowers of sulphur is often dusted on ornamental plants to prevent 
such diseases, as {x>wdery mildews, and spots, 2 parts of sulphur and i part of 
air-slaked lime. 

T obacco is a very important contact insecticide. As a powder it is one of the best 
remedies for root- lice on trees. As a decoction it may be used as a spray against 
plant-lice. Tobacco smoke kills soft- bodied insects. 

Whale Oil Soap (Fish-oil Soap).— This is a commercial product, and is a good 
contact insecticide, particularly for soft-bodied insects, like plant-lice. 
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Fig. 238.— Spray pumps isolated and with bucket attachments. 



Fig. 239.— Spray barrel with pump. 
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Spraying Apparatus.’— VAnons forms of spraying apparatus are upon the market 
for use in the different operations of spraying, The student is directed to !ra<le 
catalogs and to special treatises on the subject for details. 

We may, as an introductign to this subject, classify the types of spraying o’jifits 
into: Bucket pumps (Fig, 238), knapsack sprayers (Fig. 238), barrel pumps (Fig. 
239), the tank outfit, geared sprayers, steam and gasoline outfits, etc. 

The question of details resolves itself into a consideration of hose, extension 
rods, nozzles, force pumps, wagons, push carts and receptacles for the spray materials 
(for outfit see page 672). For these details and a list of firms dealing in spraying 
apparatus, consult a bulletin by C. A. McCue entitled Plant Protection, Bull. No. 97^ 
Del. Col. Agric,, Exper. Sta., June 15, 1912. 

APPENDIX III 

Antisepsis and Disinfection.' — An antiseptic is a substance which acts to the ex- 
clusion from wounds of living organisms that cause putrefaction, or decay. 

Liquor Anlisepticus. — 155 grains of boric acid should be dissolved in ii ounces 
of water, and 7 grains of benzoic acid in 2}^ ounces of alcohol, and the two liquids 
then mixed. After dissolving 7 grains of thymol in a mixture of 8 drops of oil of 
peppermint 4 drops each of cucalyptol and oil of gaultheria and i drop of oil of thyme, 
triturate with 155 grains of purified talc and add the solution of benzoic and boric 
acids. Shake occasionally during forty-eight hours, filter and add to the clear Ci- 
trate first i}i ounces of alcohol, and then sufficient water to bring the volume up 
to I pint. 

Formalin. — Has powerful antiseptic properties. It is sold in 40 per cent, 
solution and can be distilled with water to the required strength. 

Corrosm Sublimate (Bichlorid of mercury). — It is used in solution in water in 
a strength of i : 1000. 

Definition of Disinfectant. — A disinfectant is a substance used to destroy the 
germs of infectious diseases. The common disinfectants are formaidehyd (liquid, 
gaseous), carbolic and (phenol) cresol, chlorinated lime (chlorid of lime), corrosive 
sublimate. See Dorset, M.: Some Common Disinfectants. U. S. Farmers’ Bull. 
No. 345 (1908). 

Preservation of Wood hy Impregnation. — Impregnation tends to increase the dura- 
bility of wood hy injecting an antiseptic liquid and may mean a desirable, or un- 
desirable, change of color, and in some cases fire-proofing. Little is known about 
he latter. Four principles may be applied. 

A. Immersion. 

I . Immersion in a salt. Corrosive sublimate (kyanizing). 

II. Metalized wood by dipping in a solution of iron sulphate. 

B. Boiling. 

I. In salt water or solution of borax. 

II. Frank’s mixture, 95 per cent, liquid manure and 5 per cent, of lime. 

III. Injection of copperas (siderizing). 

IV. With exhaust steam. 
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f. Ust ofHydrosMkPrmuri.~-Bouohak method with sulphate of copper 

D. Use of Air Pressure (Open-tank treatment). 

E. Use of Skom Pressme.-Tke liquids commonly used are chloride of einc 
coal-tar creosote, mixture of chloride of zinc and of creosote, gases of tar 
oils (thermo-carbolization), heavy petroleums. 

preservation of Wood by Air Drying or Kiln Drying. Bibliography Schk>;< k, 
C. A.: Logging, Lumbering or Forest Utilization, T913, and the following bulletins- 
Bureau of Forestry and late Forest Service, U. S. Dept. Agr.: No. 41, Seasoning of 
Timber; No. 50, Cross Tie Forms, Etc. with Reference to Treated Timbers; No'^^sr, 
Condition of Treated Timbers Laid in Texas, February, 1902; No. 78, Wood Preser- 
vation in the United States; No. 84, Preservative Treatment of Poles; No. 107 
Preservation of Mine Timbers; No. 118, Prolonging Life of Crossties; No. 126, 
Preservative Treatment of Red Oak and Hard Maple Cross Ties, etc. 

APPENDIX IV 

CULTURE OF MUSHROOMS 

Tissue Culture of Fleshy Fungi . — Consult Duggar, B. M.-. The Principles of 
Mushroom Growing and Mushroom Spawn Making. Bull. No. 85, Bureau of Plant 
Industry, 1905: 18. 

This method, is applicable to the mushroom and to 68 other species of fleshy 
fungi listed by Duggar. 

A young sporophore of Agaricus campestris is taken and broken open longitudi- 
nally. A number of pieces are carefully removed with a sterile scalpel to a sterile 
Petri dish on a number of nutrient media such as bean pods, manure and leaf mould. 
From this and numerous other similar tests it was ascertained that when the mush- 
rooms, from which the pieces of tissue are taken, are young and healthy, there is 
seldom an instance in which growth does not result. It was easily shown that failure 
to grow was generally due to advanced age of the mushroom used, to an unfavorable 
medium, or to bacterial contamination. 

APPENDIX V 

SYNOPSIS OF THE FAMILIES AND PRINCIPAL GENER.A OF THE MYXOGASTR.AT.ES 

Suborder 1 . Exospjoreae. — Spores developed outside of the sporophore. 

Family I. Cf.ratiomyxace.®- — Sporophores membranous, branched; spores 
white, borne singly on filiform stalks arising from the areolated 
sporophore. 

Suborder II. Endosporeae. —Spores developed ifiside the sporangium, lethalum or 
plasmodiocarp. 

A. Spores violet-brown, or purplish gray (ferruginous In Slemonltis ffrnigtnea 
and S. flavogeniki, colorless in Echinosteliwn), 

(0) Sporangium provided with lime (Calcium carbonate), 
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Family 2. Physarace^,— Lime in jfche fonn of minute round granules, unaig 
in the sporangium wall. 

Capiliithim charged with lime throughout. Badhamia, 

Capillitium of hyaline threads with lime knots. 

Sporangia single, subglobose, or plasmodiocarps; eapilUtium' without free 
hooked branches. Physarum. 

Sporangia forming an sethalium. Fuligo, 

Plasmodiocarpsj capillitium with free, hooked branches. Cimkowskia. 
Sporangia goblet-shaped or ovoid; stalks cartilaginous. Craterium. 
Sporangia ovoid, shining, clustered; stalks membranous. Leocarpus, 
CapiUitium without lime. 

Sporangia! wall opaque, {Ckondrioderma ( = Diderma). 

Sporangial wall hyaline. Diachcea. 

Family 3. DidyMiace.®. — L ime in superficial crystals deposited outside the 
sporangial wall. 

Crystals stellate, sporangia single. Didymium. 

Crystals stellate, sporangia forming an jethalium. Spumaria ( = Mucilago). 
Crystals lenticular. Lepidoderma, 

(&) Sporangia without lime. 

Family 4. Stemonitace.®. — Sporangia single, provided with a stalk and 
columella. 

^Sporangial wall evanescent. 

Capillitium spreading from the column and forming a superficial net. 
Siemoniiis. 

Capillitium as above, but not forming a superficial net. Comalricka. 
Capillitium spreading from the apex of the sporangium. Enerthenema. 
**Sporangial wall more or less persistent. 

Capillitium radiating from the columella. Lamprodema. 

Capillitium scanty, colorless, branching from a short columella, sporangia 
very minute. Echinosklium. 

Family 5, BEErELUiACE®.— Sporangia combined into an aethalium. 

Capillitium irregularly branched. A maurochcete. 

Capillitium with chambered vesicles. Brefeldia. 

B. Spores variously colored, not violet {except Crihraria ■oiolacea). 

{a) Capillitium wanting, or not forming a system of uniform threads. 
Family 6. Cribrariace®.— Sporangial wall membranous, beset with micro 
scopic round plasmodic granules. 

Sporangia aethalioid, the wall not forming a persistent net. Lindbladia. 
Sporangial wall forming persistent net. Cribraria. 

Sporangial wall forming numerous parallel ribs. Dictydium. 

Family 7. Liceace®. — S porangial wall cartilaginous. 

Sporangia solitary, sessile. Licea. 

Family 8 . Tubiferace®. — Sporangial wall membranous, without round plas 
modic granules. 

Sporangia tubular compacted. (Tuberifera ( 5= Tubulina). 
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fi .iLY 9. RBTiciJiABiACE«.-S^rangia closely compacted and usually forraina 
an stnalium, true capillitium none. * 

SporMigia columnar, inner walls reduced to straight slender threads 
DiciydathaUum. 

Sporangia interwoven, inner wall reduced to broad bands. KnUridmm. 
Sporangia interwoven, inner walls laciniated. Rdicularia. 

(if) CapilUtium present; a system of uniform threads. 

Family 10. TnicraACE^.— Sporangia single, rarely in an ®thalium. Peridium 
without thickenings, without lime. Capillitium of tubular simple, or 
branched, free threads. Spore mass as capillitium, yellow or red, 
rarely white or brown, never violet. ^ 

*Capiliitium of free elaters, or an elastic network of spiral thickenings. 

Elaters free, spirals distinct. Trichia, 

Elaters free, scanty, spirals obscure, Oligomma. 

Elaters combined into a web or network. {Hemilrichia ( = lUmiarcym). 
♦♦Capillitium a profuse network of threads (usually scanty and free in Peri^ 
chana populina), thickened with cogs, half rings, spines or wartl 
Sporangia stalked, sporangial wall evanescent above. Arcyria. 

Sporangia sessile, clustered, the walls single, persistent, Lachnohnlus. 
Sporangia sessile, the walls usually double. Perkhcena. 

♦♦♦Capillitium coiled and hairlike, or straight, and attached to the sporangial 
wall. 

Capillitium straight. Dianema. 

Capillitium penicUIate, spirally banded. Frohtrichia. 

♦♦♦♦Sporangia forming an Kthalium; capillitium consisting of branched color- 
less tubes. 

Capillitial tubes, thick- walled where they traverse the cortex, thin- walled 
among the spores. Lycogala. 

APPENDIX VI 

KEY FOR THE DETERMINATION OF SPECIES OF MUCOR 

Laboratory Work.— The teacher will find it good educational practice to supply 
the class with material of the commoner moulds in order that they may become 
familiar with the general morphology of the ZYGOMYCETALES. 

From the standpoint of taxonomy the columella is an organ of the first im- 
portance. The position of the columella in relation to the wall of the sporangium 
has been described as “free,” “subjacent,” “infundibuliform.” 

Terms wiuch have been applied in systematic works to tlie different shapes of 
the columella^ are illustrated in Fig. 240, a to I, inclusive. 

The spores, whether sporangiospores, conidiospores, chlamydospores, oidiospnres 
or stylospores (as in Mortierella), have been described by special names, as spheric, 
ellipsoidal, oval, dumbbell-shaped, spindle-shaped, hot tic- shaped, bead-shaped, etc. 

^Lender, Dr. Alf.: Les Mucorinfies de la Suisse, 1908: 29, 
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Several solid culture media recommended by Lindner can be used in the t rowti 
of various moulds in test-tubes and in Petri dishes for class use, Such is grap^ 
exactly neutralized and combined with lo per cent, gelatin. Another mediuni k 
prepared by taking i liter of. white wine, heating it over a flame for one-half hour to 
drive off completely the alcohol. The liquid lost by evaporation is replaced lo bring 
the volume up to i liter. It is neutralized exactly and lo per cent, gelatin is added 
On this medium moultfc grow luxuriantly, The gelatin can be replaced by agat- 
agar, using 1,5 per cent,, and the advantage of this medium is that it does not 
liquefy^ The writer has found baker’s bread a useful medium for the growth of 
moulds under bell jars, the air of which is kept moist by filter paper. If the bread, 
is used in Petri dishes, it can be sliced, cut into a circular form, soaked in wafer or 
beer wort, placed under cover in the Petri dish, which should then be sterilized one 
or two times. He has found beerwort agar extremely useful in raising moulds and 
other filamentous fungi. A supply of the + and - races of heterothallic moulds 



Fig. 240.'— Forms of columella, a, Spheric; b, spheric with collarette; c, oval; d. 
depressed oval; e, piriform; /, pandurifurm; g, conic; h, cylindro-conic; i, mammiform; 
/fe, spineseent. {After Lendner-) 


should be kept in culture, so that the students may experiment with the formation 
of the gametes and zygospores. These can be mounted in acetic acid with a rinj; 
of asphalt about the cover-glass, or they can be fixed and carried up through the 
alcohols to such materials as Venetian red in which they are not only beautifully 
stained, but also keep indefinitely. The Venetian red can be softened in a waltr 
bath and a little placed in the center of a slide with the addition of a little balsam 
to fill out the space beneath the cover. 

The systematic study of the moulds should begin after their general morphology 
and physiology have been considered. Cultures, ithe names of which are known lo 
the teacher, should be then given to the members of the class in mycology, as un 
known moulds, which, the members of the class should mount and determine. Such 
mounts may be made in 2 per cent, acetic acid after treating first with a weak alcoiiol 
(ro per cent.) to wet the mycelium, so that the acetic acid will cover the specimen 
without air bubbles and without the hyphae massing together, as happens frequently 
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,l,eii acetic acid is applied without the preceding application of the alcohol. The 
Ijeniiiicatioii of the “unknown'’ moulds can be made by the use of the following 
j^ey, which is a Uanslation of the one given by Lindner in his work on the Swiss 
moulds, and which includes most of the important moulds of the world. Pure 
cultures of various moulds can be obtained from Johanna Westerdijk, Dirator of 
the Phytopathological Laboratory, Amsterdam, Holland; from Krai’s Bacteriologis- 
cHon Laboratorium, Prague, Bohemia, 1., Kleiner Ring, n; and from Mrs. Flora 
^V, Patterson, Bureau of Plant Industry, Washington, D. C. Some of them can be 
obtained by exposing various articles to the air under a bell jar with filter paper 
Transfers of these moulds to fresh culture media should be made every two or three 
months. During the summer and even during the winter the cultures can be kept 
on ice in a refrigerator, so that the transfers need not be made so frequently during 
the hot weather of the summer, or while the teacher is off on his vacation. Tlie 
janitor should be instructed to look after the ice supply during the year. Cf . Povah 
A.H. W.: a Critical Study of certain Species of Mucor. Bull. I'orr. Bot. Club 
^4: 241-259, May, 1917, continued. 

Key for the Determinatioa of Species of Mucor 

Sporangiophores not branched, i Group Uono-mucor. 

SjKjrangiophores branched. 

(tf) Branches rare, or more numerous and indefinite, in racemes, or corymbs. 

2 group Racemo-mucor. 

(h) Branches definite in sympodia. 3 Group Cymo-mucor. 

I Group Mono-Mucor 

Sporangiophores unbtanched. (Exceptionally unless the conditions of nutrition 
arc unfavorable, they form branches. These are anomalous cases,) 

1. Sporangiophores at first erect, afterwards weak, finally drooping and trans- 
formed into a woolly felt of a rusty color, i M. rufescens Fischer. 
Sporangiophores always erect and forming a matted growth. (2) 

2. Sporangiophores never exceeding 2 cm. (3) 

Sporangiophores longer than 2 cm. (7) 

3. Sporangiophores never exceeding 300 m- (4) 

Sporangiophores exceeding o 5 cm. (maximum 2 cm.). (5) 

4. On solid media matted growth verj’^ short, velvety, color at first brownish 
red- car mine then grayish, sporangia small (20// maximum). 2 Ramnn- 
niamiis Aldller. 

Matted growth scarcely visible, sporangiophores 210^? colorless, septate-; 
sporangia 40 to 45^* diameter. 3 M. sublilissinHis Oudemans, 

5. Wall of sporangium not diffluent; on breaking it leaves an Irregular, ragged 
collarette, sporangia 36 to 42|« diameter, spores elliptic 6 m by 8 m . Matted 
growth 1.5 tall. 4 M. hy^rophihi^ Oudemans, 

Wall of sporangium not diffluent, sporangia large, 80 to 98M in diameter, 
spores elliptic spi by 
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Matted growth 2 cm. high. 5 M. advaUitius Oudemans. 

Columella with orange-red contents; variety auraniiaca Lendner. 

6. Spores mixed with oE drops and inteispOTal granular protoplasm. 6 M 
plasmaticus van Tieghem. 

Without drops of oil in the sporangium. (7) 

7. Sporangiophores 2 to 3 cm. long. (8) 

Sporangiophores more than 3 cm. (9) 

8. Sporangia Son diameter, columella oval, spores ,8^ by lo^i (except 8 by 
7 M. hiemalis Wehmer. 

Sporangia larger than 250 to 350;*, columella pyriform, large, spores 4 to 3,, 
hy S to 13/*. 8 M. piriformis Fischer. 

g. Wall of sporangium ruptured rapidly, columella frequently with yellow con- 
tents, spores 3 to 6/1 by 6 to 12^. 9 M. mucedo Linn. (f'ig. 13). 

Wall of sporangium ruptured slowly, columella colorless, spores very large, 
by 30 to 33 n- 10 mucilagineus Brefeld. 


2 Group Racesno-Mucor 
Branching indefinite, in racemes or in corymbs. 

r. Branching secondary verticillate, these last have at their nodes the verticil- 
late branches. 11 M. glomerula Lendner (Bainier). 

Branching open in racemes, or in corymbs. 

2. Columella hemispheric, covered with colorless threads resembling the capil- 
litium of certain Myxomycetes. 12 M. comatus Bainier. 

Columella round or oval, never presenting capillitial character. (3) 

3. Sporangiophore at first erect, then curved toward the substratum, and that 
fading. 13 de Baryanus Schostakowitsch. 

Sporangiophores always erect and forming a matted growth. (4) 

4. Species parasitic on other MucOKACEiE. 14 ilf. parasiticus Bainier. 
Species not parasitic. (5) 

5. Sporangiophores of two kinds, one with a terminal large sporangium witl 
diffluent wall, the others lateral, bearing sporangioles with persistent walls 
15 M. agglomeraius Schostakowitsch. 

Species not possessing the above characters. (6) 

6. Sporangiophores bearing laterally the branches with normal sporangi; 
(or abortive), or with zj^ospores. 

Suspensors unequal, (7) 

Sporangiophores normally laterally (i,e. all terminated by sporangia). 
Zygospores with suspensors approximately equal. (8) 

7. Sporangiophores straight, simple or branched bearing one or two opposite 
branches terminated by sporangia. Columella depressed, spores elliptic 2 to 
3 fi by 4 to 5g. 1 6 M. MoeUeri Vuillemin (Fig. 241). 

Sporangiophores straight, branched, bearing verticillately two to four 
sporangia, columella roundish, spores spheric 2 to 3/1 diameter. 17-^' 
hierogamtts Vuillemin. 
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^ ungual (mature of numerous small spores with others I rice as 
Spores approximately equal in size. (10) 

Sponmgiophores as to r.j cm., straight. Sporangia 8c to diameter 
spores aphenc or angular of diverse forms, s to iju diameter. 8 M fc „ 
sporus Fischer. * 

Sporangiophores ordinarily 3 to 4 mm. (. cm. maximum); sporangia ,oa 
diametet as maximum. Spores oval or subcylindric 2 to 6 u by 6 to 8 
Chlamydospores along the course of the sporangiferous hyph*. 
sylvaticus Hagem. 


19 M. 




Fig. 241 . — Mucor Moelleri. Stages in zygospore formation. {Afler Lendner.) 


Sporangiophores i cm. Sporangia 40 to 54JU, wall dehiscent. 20 M. lau- 
sannensis Lendner. 

10. Wall of sporangium not diflluent, but breaking into pieces, (ri) 

Wall diflfluent. (13) 

11. Spores spheric 7^ diameter. 21 M. corymbosus Harz. 

Spores oval. (12) 

12 Sporangiophores frequently unbranched, chlamydospores provided with 
very fine points; azygospore formation the normal process. 22 M. tewtis 
Baiuier. 

Sporangiophores branched, chlamydospores with smooth walls, zygo.spores 
and azygospores, 23 M, racemosus Fresenius (Fig. 30). 

13. Spores spheric, 3 to 3.5^1. 24 pusiUus Lindt, 

Spores oval or elongated. (14) 
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14. Large species 6 to 8 cm. tall (exceeding in ail cases a cm.). (15) 

Small species never exceeding 2 cm, in height. (16) 

1$. Sporangiophores 6 to 7 cm. in height, sporangia 300 to 400^ (excepiJ.jtiaij^ 
Soo^i), spores 7.5 by.i7.s/x. 25 M. proliferus Schostakowitsch, 
Sporangiophores d to 8 cm. in height, sporangia 140 to iso/i diameter 
spores 4.2ft by 9 to I2ft. 26 M. Jiatus Bainier. 

16. Columella largely subjacent and concrescent with the wall of the sporangium 
diameter loo^t, spores 2 to 4 ju. 2^ M. mollis Bainier. 

Columella free and slightly flattened at base. (17) 

17. Spores oval, smal^ 2.1/1 by 4.211, a grayish-blue. 28 M. fragilis Bainier, 
Spores elongated plano-convex, unequal, 2 to 5/1 by 5 to lo/i, (18) 

18. Sporangia never exceeding 80/1, zygospores frequent, forming (on bread) 
special branches. 29 M. genevensis Lendner, 

Sporangia a mean of 8o/t frequently 1 20/1 diameter, suspensors bearing the 
sporangiophores as with M. racemosus (Fig. 30), 30 M. erectus Bainier. 

3 Group —Cymo^Mucor 

Sporangiophores branched in sympodial cymes. 

1. Sporangiophores of two kinds, the one straight an<i bearing the normal 
spheric Sporangia, the other creeping, circinate branches sympodial, bearing 
piriform sporangia, M. pirdloides Lendner. 

Sporangiophores of a single kind, (2) 

2. Sporangiophores circinate. (3) 

Sporangiophores straight not circinate, (6) 

3. Sporangiophores never exceeding i cm,, spores oval, maximum length 6/1. (4) 
Sporangiophores exceeding i cm, sometimes 3 cm., spores spheric, lo/i or 
more. (5) 

4. Wall of sporangium brown, sporangium frequently subsessHe, sjwrcs 3 to 
4/1 by s to 6fi long. 32 M. circinelloides van Tieghem, 

Sporangia waU bluish-black, sporangia carried on long pedicels, frequently 
circinate, spores 4/1 by 5 to 6/1. 33 M. griseo-cyanus Hagem. 

5. Sporangiophores creeping, K fo 2 cm,, sporangia black 120 to 200/1, spores 
10.5/1 to 14/1 in diameter. 34 M. angarimsis Schostakowitsch. 
Sporangiophores straight not circinate, the others short, freely branched and 
circinate, sporangia small 60/1 (mean), 12/1 (maximum). 41 M. lamprospmi 
Lendner (Fig. 242). 

6. Spores spheric or very unequal of diverse forms. 35 3 /. hdcrosporus sihirim 
Schostakowitsch. 

Spores spheric appreciably equal. (7) 

Spores oval. (12) 

7. Species poorly cultivated on grape-juice gelatin, forming on bread a short 
mat of 2 to 3 mm., sporangia 50 to 70/1, spores spheric, 5 to 6/1. 36 
Jansseni Lendner. 

Species readily cultivated on grape-juice gelatin, forming a taller raatted 
surface (i to 3 cm.). (8) 
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g. Columella spinescent. (g) 

Columella smooth. (10) 

Sporangiophores never exceeding e mm,, sporangia 6o to 8 om, spores smooth 
7 to 8 m. 37 -W'- Lendner. 

Sporangiophores over i cm. and more tall, spores frequently punctate, 
5 to 8/i. 38 .W, plumbeus Bonorden. ' 



Fig. 242. — Mucor lamprosporus, a. b. c. Columella; d. sporangiolc; c, sporangium; 
/, branched sporangiophore. {After Lendner.) 

10. Sporangia 75 to 120/x, columella piriform or campanulate, spores 4 to 
diameter. 39 U. ilohosus Fischer. 

Sporangia ordinarily smaller (iiojii maximum), columella spheric, oval or 
campanulate. Spores larger lop (mean). Species with sporangioles near 
the substratum, (n) 

11. Sporangia 70 to iio/a diameter, sporangioles not caducous, spores spheric, 
shining, lo/i. 40 M. spheres porus Hagem. 

Sporangia never exceeding 80 to go^t, spores lo/x. 
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Sporangioles drdnate, caducous, sporangiophores more elevated than in 
preceding species. 41 M. lamprosporus Lendner {Fig. 242), 

Sporangia 60 to 8om, spores normally 8 to 10, spheric or accompanied by 
abnormal spores, ova! 8 to ion by 30/* long, without sporangioles. 42 
ditnorphosporus Lendner. 

12. Large species 9 to 1 2 cm. high. (13) 

Small species. (14) 

13. Sporangiophores 9 to 10 cm., sporan^a up to i mm. diameter, spores lo.^ 
hy 28/i. 43 Jf . irkutensis Schostakowitsch. 

Sporangiophores 10 to 12 cm., sporangia 500;*, spores sn by 8,6. 44 
W asnessenskii Schostakovntsch. 

14. Wall of sporangia not diffluent, breaking into pieces. 45 M. brevipes Riess 
- Wall of first sporangia diffluent. (15) 

15. Sporqs elongate with punctate spore walls, sporangia blackish, loon diameter 
46 M. ambiguus Vuillemin. 

Spores subspheric with smooth walls. (16) 

16. Species forming on bread or grape-juice gelatin a mycelium somewhat 
raised and of a yellow color. 47 M. Rouxianus Wehmer. 

Species forming a matted growth of i to 3 cm. tall. (17) 

17. Species branched but little. (18) 

Species copiously branched. (19) 

18. Sporangia 50 to 350/i, columella spheric, spores spheric or elliptic or angular, 
4.2 by 6.5/Lt with chlamydospores. 48 M, geophUus Oudemans. 

Sporangia 90^ to lyoju diameter, columella ovoid, spores subspheric 5 to 6^ 
by 6 to Sfi rarely 49 M. strictus Hagem. 

19. Sporangia 35 to yon (90/x diameter), spores 6^ by 8#t or 8 to ion diameter, 
yellow pigment in hyphec weakly developed. 50 if. Pminii Chodat & 
Nechitch. 

Sporangia 50^, wall more diffluent, spores more frequently oval and very 
small, 4 to Sn hy 5 to 'jn, also 4 to jn diameter. 51 M , javanicus'^ Wehmer. 

APPENDIX VII 

Keys for the Determination of Species op AspERoaLus and Penicillium 

For student use in systematic study, or identification of the green moulds be- 
longing to the genus AspergiUus, the teacher will find the following key, adopted 
from “Household Bacteriology” by the Buchanans, pages 76 and 77, of great value 
Lafar in his “Technical Mycology,” Vol. II, Part 2, also gives on page 308 a useful 
specific summary. The different species may be kept in culture for distributioo 
as unknown to the members of the class. 

KEY TO COMMON SPECIES OP ASPERGILLUS 

I. White spores, or nearly white. 

A. Sterigmata unbranched. Aspergillus Candidas . 

‘ if. is a variety of if. javanicus^ 
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5. Sterigmata branched. Aspergillus albus. 

Colored spores, 

A. S pores yellowish^een, bluish-gre^, grayish-green, green. 

1. Sterigmata unbranched. 

(o)Perithecia produced readily. 

1. Perithecia not imbedded, naked. A . herbarwrum. 

2. Imbedded perithecia. 

With slightly swollen conidiophore tips, sterigmata club-shaped, later- 
ally placed. A, clavaius. ' 

Wth hemispheric conidiophore tips, sterigmata terminal. A,fumigains. 

(&) Peritheda unknown. 

1, With large conidiophore tip, elongate 80 to loou by 500 to 800^1, A. 

giganteus. 

2. With smaller conidiophore, end spheric, or hemispheric. 

With rough worty conidiophore. A. Jlams. 

With smoother conidiophore. A . orysea. 

2. Sterigmata branched. 

(а) With rusty-brown mycelium. J. !!isrsk.2lffr, 

(б) Mycelium not rusty-brown. 

End of conidiophore, dub-shaped with lateral and terminal sterigmata. 

A. pseudodavatus. 

End of conidiophore hemispheric with terminal sterigmata. A, nidulans. 

B. With black, or dark-brown conidiospores. 

1. Sterigmata unbranched. A, catyptratus, 

2. Sterigmata branched. A. nigcr. 

C. With reddish-brown, yellowish-brown, or yellow conidiospores, 

Sterigmata unbranched, spores coffee-brown. A. Wentii. 

Sterigmata branched, spores yellow-brown. A, ockraceus. 

The genus Penicillium is dosely related to the genus Citromyces, which includes 
kngi causing dtric add fermentation in sugar media and which has a single whorl 
ol conidia-bearing cells (sterigmata) at the tip of the conidiophore. All of the 
iuagt with the penicillate type of fructification are grouped together in the form - 
geaus Fenicillium. The small and delicate conidiophore differs from that of Asper- 
pllus in being divided into a row of short cells by transverse septse. The conidio- 
phores are branched and the upright branches bear the sterigmata as tufts of termin- 
ally dispos^ secondary branches. The conidiospores are pinched ofi from the ste- 
t^ma and are arranged in chains- The whole inflorescence suggests a whisk, or a 
broom. The spores are of various ^apes and sizes from spheric to ellipsoidal. 
Some have smooth walls, others are roughened. Several species show the tendency' 
to form coremia (coremium), which are tufted forms of inflorescence. Four, or 
five, species are known to produce perithecia and ascospores, so that no satisfactory 
fioy can be based on perithecial and ascosporic characters. The number of species 
which are associated with the ripening of cheeses, or which produce decay in fruits 
of various kinds is about ax or seven. The species usually designated as Penicillium 
llfiHciim, and P. crustaceum are included in the most recent paper by Thom under 



